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a b s t r a c t
The purpose of this paper is to propose a multiple approaches to explaining and predicting individual differences
in learning. First, this article brieﬂy reviews critical problems with learning styles. Three major concepts are
discussed: lack of a clear, explanatory framework, problems of measurement, and a failure to link learning styles
to achievement. Next, this paper presents several alternative approaches to learning styles that do a better job of
explaining how learning styles might predict achievement. Alternatives to learning styles include individual
differences in verbal and visual skills, expertise and domain knowledge, self-regulation and inhibition, and
perfectionism. For expertise and domain knowledge, knowledge representation and ﬂuency are speciﬁcally
discussed. It is recommended that the new approach that focuses on individual differences in learning be used
by teachers.
© 2017 Elsevier Ltd. All rights reserved.

The term of learning styles has been used in education to explain
individual differences in the ways students approach learning
(Kozhevnikov, 2007). It is assumed that instruction based in learning
styles theory produces better achievement (Sternberg, Grigorenko, &
Zhang, 2008). Despite considerable interest in learning styles there are
a number of critical problems with the theory and the activities developed for schools based on the theory (Cofﬁeld, Moseley, Hall, &
Ecclestone, 2004; Henson & Hwang, 2002; Joniak & Isaksen, 1988;
Price, 2004). The problems include the lack of solid explanatory theory,
a lack of research supporting the theory, poor reliability and validity of
constructs, and a failure to link learning styles-based instruction to
achievement. The goal of this paper is to present a better way to understand and respond to individual differences teachers see in their students. In this article, we will brieﬂy review the problems with learning
styles and then present several alternative approaches to explaining
individual differences in learning. These approaches will be based in
research in educational psychology and cognition and will explain individual differences in learning and achievement in terms of differences in
expertise, development and personality.
1. A brief critique of learning styles
Learning styles theories have a number of signiﬁcant problems that
make them useless for explaining learning or achievement. Speciﬁcally,
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the theories describe and categorize behaviors, but fail to explain the
developmental processes and causal mechanisms that underlie these
behaviors. Another problem is that learning style measures often use
rank ordering which forces individuals to rank one style higher or
lower than another, creating differences that are not evident in measures that separately assess the different styles. Furthermore, many of
the measures of learning styles lack reliability and validity. Finally, the
work on learning styles assumes that gearing instruction to learning
styles produces better achievement, but the research either does not
exist or does not support that assumption (e.g., Massa & Mayer, 2006;
McKay, 1999; Price, 2004).

1.1. Lack of clear, explanatory framework
One of the critical problems with learning styles theory is the lack of
clear, explanatory framework. Even learning styles researchers have
acknowledged this limitation. Sternberg (2001) stated that it is difﬁcult
for learning styles researchers to interact with each other as well as
with other researchers in psychology because each learning styles
theory has its own different conceptual framework. Sternberg also
pointed out that learning styles researchers do not consider cognition or personality theories or research even though many of the
learning styles include constructs from these theories. The lack of explanatory framework contributes to the following speciﬁc problems:
a failure to explain the underlying mechanisms, a blend of borrowed
constructs or measures, and an ignorance of the research contradicting
learning styles theories.
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1.1.1. Failure to explain the underlying mechanisms
A good learning styles theory should explain the common processes
and causal mechanisms that underlie the learning styles described in
the theory. Instead, learning styles theories tend to consist of lists of
preferences with no explanation as to the underlying cognitive, motivational and personality mechanisms that underlie the preferences. Nor is
there any theoretical or empirical rationale for including a preference on
the list. For example, Gregorc (1982, 1985) has created two learning
style dimensions (concrete/abstract and sequential/random) each
with its own attributes. Concrete processors enjoy processing through
physical expression, and abstract people desire a more ﬁgurative
expression. Random learners are disorganized in their learning while
sequential learners are systematic. No explanation is given as to the developmental processes that determine whether an individual becomes
one type of learner and not another or the relationship between the
two dimensions. Individuals simply have these characteristics and
there is no explanation about what produces these differences. As another example, Riding and Cheema (1991) described students as
being either holist or analytic. No explanation is given as to the cognitive
processing that would result in a student being one or the other. Instead,
these categories are justiﬁed through differences in behavior with holists being students who like seeing context from an overall perspective,
whereas analytics refer to people who enjoy seeing a situation as a
group of parts. Theory and research must explain why students have
these characteristics. Simply describing a behavior is not an explanation.
1.1.2. A blend of borrowed constructs or measures
Often learning styles theories are a blend of borrowed constructs or
measures from other, better-developed theories. Several researchers include styles that reﬂect differences in personality or self-regulatory
skills. For example, Kagan (1965, 1966) used a task in which respondents were asked to match the same ﬁgures to measure impulsive/
reﬂective styles. Dunn, Dunn, and Price (1989) included persistence as
one of many unrelated learning styles. Persistence and impulsivity are
better described and explained in the temperament literature as one
of a number of temperament or personality traits (e.g., Martin &
Holbrook, 1985; Martin, Wisenbaker, & Huttunen, 1994). A number of
learning styles describe students as being visual or verbal learners
(e.g., Richardson, 1977; Riding & Cheema, 1991), ignoring a considerable body of theory and research on verbal and visuo-spatial processing
in working and short-term memory that does a better job of explaining
individual differences in learning. Other research involves measuring
spatial ability (visual processing), but under a different name. For example, Riding's (1991, 1998) measure of holistic/analytic styles and Witkin,
Oltman, Raskin, and Karp's (1971) measure of ﬁeld dependent/ﬁeld independent styles are essentially measures of spatial visualization. Such
measures assess one's capacity to ﬁnd a simple ﬁgure hidden within a
more complex ﬁgure (see Linn and Petersen (1985) for a review of
the different spatial measures). Unlike the learning styles literature,
the literature on spatial skills and personality includes research on the
development of these skills and how these skills impact learning.
1.1.3. An ignorance of the research contradicting the theories
Most important, learning styles theorists have ignored the research
that directly contradicts learning styles theories. There is substantial research showing that students are often skilled at both verbal and visual
processing and that the two are correlated, that both types of processing
are important for learning (as opposed to gearing instruction to only
one learning style), and that both can be improved through instruction
(as opposed to instruction designed to work within a given learning
style). Other researchers (e.g., Gregorc, 1982, 1985; Honey &
Mumford, 1989; Kolb, 1976, 1985) described students as being either
concrete or abstract but ignore the considerable body of research showing that students who are concrete are either immature or delayed in
their learning whereas more abstract learners tend to be advanced
learners (e.g., Chi, Feltovich, & Glaser, 1981; Slotta, Chi, & Joram, 1995;
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Taasoobshirazi & Carr, 2009). In the case of the concrete/abstract dichotomy, the dichotomy is not a set of attributes but reﬂects the level of development of expertise and an individual's educational experiences.
1.2. Problems of measurement
Learning styles theories have critical problems with measurement.
Speciﬁcally, the theories often use rank ordering, thus forcing a false dichotomy. Another problem is that many measures of learning styles use
a self-report instrument that may not be a valid measure of behavior or
skill level. Finally, most of the measures of learning styles have poor reliability and validity.
1.2.1. Use of less valid measures
Many measures of learning styles use rank ordering (e.g., Gregorc
Style Delineator, Gregorc, 1982; Learning Style Inventory, Kolb, 1976,
1985), forcing individuals to be high in one learning style and low in
the other. Rank ordering produces negative correlations between the
constructs that are being measured so that the construct validity is inﬂated (Cornwell & Dunlap, 1994; Henson & Hwang, 2002). In addition,
the false dichotomy created by rank ordering is not supported by
measures that independently assess each construct.
A self-report instrument (e.g., Gregorc Style Delineator and Learning
Style Inventory) may be affected by the respondents' honesty, memory
(Runco & Okuda, 1988), and concern for social desirability. Speciﬁcally,
social desirability may push examinees to report what they believe is
preferred to be true rather than what is actually true. If reported interests are not matched with actual behaviors, any conclusions drawn
from correlations with achievement are suspect.
1.2.2. Poor reliability and validity
The measures of learning styles do not have good reliability. The
reliability of the Gregorc Style Delineator (Gregorc, 1982) has been reported as poor (Joniak & Isaksen, 1988; O'Brien, 1990; Reio & Wiswell,
2006). Neither the original Learning Style Inventory (Kolb, 1976) nor
revised Learning Style Inventory (Kolb, 1985) has good test-retest reliability (Atkinson, 1989, 1991; Freedman & Stumpf, 1980; Henson &
Hwang, 2002). The Cognitive Style Analysis (Riding, 1998) showed a
poor test-retest reliability (Rezaei & Katz, 2004). The reliability of the
Verbalizer-Visualizer Questionnaire (Richardson, 1977) has been reported as poor (Sullivan & Macklin, 1986). If a teacher cannot replicate
test performance using the same test then it is of little value.
The measures of learning styles have poor validity. The Gregorc Style
Delineator (Gregorc, 1982) has been shown to have poor construct
validity (Joniak & Isaksen, 1988; O'Brien, 1990). Several studies have
found that the Learning Styles Inventory has poor construct validity
(Cornwell, Manfredo, & Dunlap, 1991; Freedman & Stumpf, 1980; Kolb,
1976, 1985; Platsidou & Metallidou, 2009). The Verbalizer-Visualizer
Questionnaire (Richardson, 1977) has poor construct validity (Boswell
& Pickett, 1991) and external validity (Edwards & Wilkins, 1981). The
Cognitive Style Analysis (Riding, 1991) has poor external validity with
measures that would assess verbal and visual abilities (Massa & Mayer,
2006).
1.3. Failure to link to achievement
Despite the claim that teaching to a learning style results in better
achievement, there is little research showing that this is the case. Learning styles researchers assume that their measures will predict learners'
preferences of instructional materials. They assume that teaching to a
learning style will result in better academic achievement. However, a
number of studies have shown that learning styles measures do not correlate with preferences of instructional materials nor does achievement
correlate with learning styles (e.g., Mayer & Massa, 2003; McKay, 1999;
Price, 2004; Riding & Agrell, 1997; Riding & Pearson, 1994). Research by
Price (2004) indicated that learning styles as measured by the Learning

412

D. An, M. Carr / Personality and Individual Differences 116 (2017) 410–416

Style Questionnaire (Honey & Mumford, 1992) and the Group Embedded Figures Test (Witkin et al., 1971) did not predict a preference for
learning materials in computer science. Massa and Mayer (2006)
found that verbal/visual learning styles measures did not correlate
with verbal/visual cognitive abilities (e.g., SAT verbal and mathematics).
To make matters worse, matching learning styles to instructional materials has been found to produce worse performance than the use of instructional materials that include both preferred and non-preferred
styles (McKay, 1999).
2. Multiple alternative approaches
Learning styles theories clearly do a poor job of explaining the causes
of individual differences in student learning. More important, the recommendation to “teach to learning styles” does not result in improved
learning. In many cases teaching to a learning style will result in stymied
development and poor achievement because the approach to teaching
does not address weaknesses. Below we will present alternative explanations for individual differences or “styles” that are supported by cognition and development theories, and by temperament and personality
theories. Speciﬁcally, the verbal/visual and concrete/abstract dimensions will be linked to the research on sensory-based representation
and expertise, respectively. The impulsive/reﬂective dimension is better
explained by theory and research on ﬂuency or temperament and personality, speciﬁcally, the work on self-regulation, inhibition, effortful
control, and perfectionism. Instead of focusing on a learning style we
recommend that teachers focus on work done by cognitive and developmental psychologists and personality theory as explanations for the
individual differences they see in their classrooms when considering
how to modify instruction.
2.1. Individual differences in sensory-based skills better explain verbal-visual styles
Learning styles theory (e.g., Richardson, 1977; Riding, 1991, 1998)
describes students as being either verbal or visual learners. It is assumed
that verbal learners represent information during learning verbally,
whereas visual learners process information in mental pictures. The existence of sensory-based representation and processing of information
is well established in cognitive psychology. People encode and represent information using ﬁve sensory-based codes including visual, auditory, tactile, smell, and taste (e.g., Barsalou, 2008; Goldman-Rakic, 1995;
Lyman & McDaniel, 1990; Richardson, Spivey, Barsalou, & McRae, 2003).
Work by Baddeley and Hitch (1974) shows that working memory consists of three systems: the phonological loop, a temporary holding site of
verbally coded information, the visuo-spatial sketchpad, a temporary
store of visual or spatial information, and the executive workplace
that carries out activities related to comprehension and problemsolving. Other work by Barsalou (2008) indicates that we have sensory-based representations in long-term memory that develop as people
have repeated experience with a phenomenon. Given the ﬁndings of
Barsalou and others, learning styles that divide students into either
verbal or visual learners make no sense.
What we do know from research is that people are able to encode
and represent information in multiple ways, and the activation of the
multiple representations increases memory, learning and achievement.
Based on the work of Barsalou and others we know that we create multiple representational codes for a given phenomenon. For example, we
might have a mental image of a sunﬂower but also a verbal representation of the word. These linked sensory representations are constructed
together and linked in long term memory. Unless an individual has a
learning disability there is no reason to assume that they are either a
verbal or visual learner.
We also know that activating multiple sensory representations
improves learning. For instance, the memory of a smell improved
when other sensory processing, such as verbal (naming the smell) or

visual (mental picturing of the smell) was activated (Lyman &
McDaniel, 1990). The activation of multiple representations including
visual and verbal representations is linked to better learning in mathematics and reading (DeStefano & LeFevre, 2004; Mastropieri &
Scruggs, 1997). In sum, it is not matching instruction to a learning
style that produces good learning, but the activation of multiple representations. The more representations activated, the better the learning.
The research suggests that combining both verbal and visual/spatial
processing would promote learning and achievement. Mathematics involves visual/spatial processing to hold and process numbers (Casey,
1996; Casey, Nuttall, & Pezaris, 2001; Geary & Burlingham-Dubree,
1989), but it also involves verbal processing (Campbell, 1994;
DeStefano & LeFevre, 2004; Floyd, Evans, & McGrew, 2003; Lee &
Kang, 2002). Likewise, reading achievement is dependent not only on
verbal skills (Edwards, Walley, & Ball, 2003; Eldredge, 2005; Stanovich
& Siegel, 1994), but also visuo-spatial skills (Denis, 1996; Mastropieri
& Scruggs, 1997; Pressley, Cariglia-Bull, Deane, & Schneider, 1987).
Students with learning disabilities often have difﬁculty representing information using one or more modalities. In the case of students with
reading disabilities, deﬁcits occur in the phonological loop, which is
used to represent and process verbal material, but these students
often also have deﬁcits in visual processing (Siegel & Ryan, 1989). Similarly, students with mathematics disabilities show deﬁciencies not only
in visual/spatial processing (Siegel & Ryan, 1989), but also in retrieval of
basic math facts (Geary & Brown, 1991) in strategy use (Geary, Brown, &
Samaranayake, 1991), and in inhibition and verbal working memory
(e.g., Andersson & Lyxell, 2007; Bull & Scerif, 2001; Geary, Hoard,
Byrd-Craven, Nugent, & Numtee, 2007; Mabbott & Bisanz, 2008;
Passolunghi & Siegel, 2004). As such, focusing on only one representation that “matches” the learning style will be counterproductive.
Our memories are the product of the interaction of multiple sensorybased memories. Certainly, there are individual differences in how well
a student might verbally or spatially represent or process information
but these differences are frequently small. More important, there is
clear and consistent evidence that we can improve these sensory-speciﬁc processes. We can improve the visuo-spatial skills through instruction (Terlecki, Newcombe, & Little, 2008) and this instruction has been
found to improve mathematics competency (Cheng & Mix, 2014;
Martinez et al., 2008). Likewise, verbal processing can be improved
(Pressley, Samuel, Hershey, Bishop, & Dickinson, 1981). Given this, it
makes no sense to focus exclusively on modalities that are strong and
ignore less well-developed skills when selecting activities.
2.2. Expert-novice differences better explain concrete-abstract styles
Several learning styles theories (e.g., Gregorc, 1982, 1985; Honey &
Mumford, 1989; Kolb, 1976, 1985) categorize students as either concrete or abstract learners. It is assumed that concrete learners perceive
or represent information through interaction with concrete objects,
whereas abstract learners encode or process information through
symbolic representations. The concrete versus abstract dichotomy commonly found in learning styles theory is better understood as differences in the way novices (concrete learners) and experts (abstract
learners) represent knowledge. Novices' understanding of a topic is
limited to their concrete experiences and they have not yet abstracted
general rules. As a result, they tend to focus on superﬁcial, concrete features, such as physical characteristics and they need speciﬁc and concrete examples of a concept to make sense out of it. In contrast, the
abstract nature of expert knowledge is evident in experts' ability to
comprehend abstract patterns of the features that may not be evident
on the surface. Hmelo-Silver and Pfeffer (2004) found that people
who were new to aquariums (novices) tended to focus simply on the
physical structures of the aquarium, whereas experts who had considerable experience with aquariums focused on the interaction of the physical structures, aquarium functions and ﬁsh behaviors; a higher and
abstract level of understanding that required in-depth knowledge.
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This abstract understanding of the topic is not a “style” but the result of
repeated experiences that have allowed the student to understand a
topic on a deeper and more abstract level.
The more abstract nature of expert knowledge is also evident in
problem-categorization. Expert physics students tend to categorize
physics problems based on abstract principles or laws involved in
solving the problems whereas novice students tend to focus on concrete, surface features (Chi & Slotta, 1993; Williams & Noyes, 2007).
Children who are “dinosaur experts” classify dinosaurs using categories
that require an in-depth knowledge of the animal, such as whether the
dinosaur is a meat-eater or a plant-eater, whereas novice adults tend to
focus on surface features, such as whether it has a horn (Chi, 1983).
Concreteness reﬂects a superﬁcial or immature understanding of the
topic whereas abstractness reﬂects a mature, in-depth understanding
of underlying principles and rules. The latter emerges out of the former
through instruction.
The majority of the research examining the development of expertise indicates that students begin as concrete learners and transition to
abstract learners (Piaget, 1970, 1977). As an example, Ojose (2008)
found that when students ﬁrst learn about equations, they are not
able to generate an abstract representation and must have a concrete
representation (e.g., Ann has three times as many books than Brian. Together they have 20. How many books does Ann have?). Through instruction involving repeated experiences with this type of problem
novices abstracted a more general rule or representation (e.g., x + 3x
= 20). As another example, through repeated experiences counting objects young students acquire an abstract understanding of number. This
transition occurs when teachers instruct students to use more abstract
representations and press them to abandon concrete manipulatives
that are no longer needed. This transition will not occur if the teacher
matches the instruction to the learning style and makes no effort to
move the students to a more abstract representation.
It makes more sense to think of concrete learners as novices or beginners and abstract learners as more advanced, expert students.
There is certainly more research supporting this conceptualization of
concreteness and abstractness. More important the research shows
that with proper instruction students can transition from concrete to
abstract representations. The focus should be on developing activities
to move students from the former to the latter. What should be absolutely avoided is the belief that concrete learners will not change
through instruction. For most students that transition will occur
through regular instruction that focuses on moving students forward.
However, some students will require substantially more effort by
teachers.

2.3. Individual differences in cognitive processes and personality better
explain impulsive-reﬂective styles
2.3.1. Focus on ﬂuency
Learning styles theories, such as those by Butter (1979) and Kagan
(1965) describe students as being either impulsive or reﬂective
learners. Impulsive learners are characterized by fast and inaccurate
problem solving whereas reﬂective learners are characterized by slow,
accurate problem solving. The impulsive versus reﬂective dichotomy
seen in several learning styles does not recognize that students can be
fast and accurate, fast and inaccurate, slow and accurate, slow and inaccurate, or much more likely, somewhere in between. The research on
ﬂuency better explains these individual differences in speed and accuracy. While it is not necessarily bad to be slow and accurate the research is
pointing to the importance of speed and accuracy (ﬂuency) with more
advanced, expert students being both fast and accurate. Fast and accurate processing is evidence of experts' better-organized knowledge
whereas slower, reﬂective processing may indicate that the student is
a novice, with limited knowledge that is less well-organized and
accessible.
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There is considerable evidence that being more knowledgeable, or
expert, in a domain results in more ﬂuent retrieval and problemsolving. For example, expert chess players showed faster and more accurate reconstruction of a mid-play chess board than novice players
(Chase & Simon, 1973), and expert pilots read back and remembered
pilot communication messages faster and more accurately than did novices (Morrow, Menard, Stine-Morrow, Teller, & Bryant, 2001). Even children who are expert in a certain area show similar performance.
Research by Chi (1978) found that child experts were able to recall
the chess positions faster and more accurately than adult novices. This
advantage was speciﬁc to chess; they did not show the same advantage
on a simple recall test of digits. Other research found that children who
have more domain knowledge about baseball or soccer had faster and
more accurate recall or comprehension of domain speciﬁc stories or
text (Gaultney, Bjorklund, & Schneider, 1992; Recht & Leslie, 1988;
Schneider, Körkel, & Weinert, 1989).
Fluent and accurate processing of information is an important foundation for subsequent skill development. Fluent computation is the
basis of an upward trajectory in the development of mathematics
achievement (Carr & Alexeev, 2011) and it is also important for the development of reading skills (Kirby, Parrila, & Pfeiffer, 2003). Experts are
not always fast, they will shift from making fast and accurate responses
to reﬂective and accurate responses when it is necessary for the student
to make a plan of action before proceeding (Davidson & Sternberg,
1984; Shore & Lazar, 1996).
Students need to become ﬂuent in basic skills and knowledge that
support the new material they are learning, but they also need to
know how and when to slow down and reﬂect on problem solving
when necessary. Given this, it makes no sense to categorize students
as either impulsive or reﬂective and teach to that style, at least when
we are talking about accurate performance both “styles” need to be promoted. Teachers need to focus on improving accurate and fast (ﬂuent)
responses but also teach students to stop and think (reﬂection) when
necessary to produce the correct response.
2.3.2. Focus on self-regulation, inhibition, and effortful control
A second explanation why some students tend to be more impulsive
whereas others are more reﬂective involves individual differences in selfregulation of attention and inhibition. The research on self-regulation of
attention and inhibition shows that more attentive students are more reﬂective whereas less attentive students are more impulsive (e.g., Fischer,
Barkley, Edelbrock, & Smallish, 1990; Schweitzer & Sulzer-Azaroff, 1995).
Speciﬁcally, students with attention deﬁcit disorder with hyperactivity
(ADHD), or attention deﬁcit disorder without hyperactivity (ADD/WO),
are considered to be less able to self-regulate and inhibit distractions
(Barkley, 1994). For example, ADHD boys are less able to regulate or inhibit distracters such as toys while watching television for a long time
(Lorch et al., 2000). In Barkley, Grodzinsky, and DuPaul's (1992) study,
children with ADHD were less able to inhibit the ink colors that were
printed in color words when they had to read the color words. Attention
deﬁcit disorders and concurrent impulsivity result in poor achievement
(e.g., Felton, Wood, Brown, Campbell, & Harter, 1987; Fischer et al.,
1990; Rasile, Burg, Burright, & Donovick, 1995). Fast and inaccurate
responses result in poor outcomes.
Individual differences in attention and inhibition are also linked to
differences in temperament, speciﬁcally effortful control. Students
with better “effortful control” are more reﬂective because they are
able to regulate attention and suppress impulses (Ahadi & Rothbart,
1994; Kochanska, 1991; Martin et al., 1994). These temperament differences predict cognitive and academic achievement throughout life. Effortful control also is linked to better verbal, reading, and mathematics
achievement (Liew, Mctigue, Barrois, & Hughes, 2008; Valiente,
Lemery-Chalfant, & Swanson, 2010). Even in preschoolers, an effortful
control system, in the form of delayed gratiﬁcation, predicts future
cognitive and academic performance in adolescence (Shoda, Mischel,
& Peake, 1990). Similarly, college students who are less persistent
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show poor academic achievement (Blinne & Johnston, 1998; Dubey,
1982). The impulsive learning style that is linked to fast but inaccurate
responses most likely reﬂects students with poor self-control accompanied by poor outcomes. Impulsiveness when it produces poor outcomes
is not a learning style, but a deﬁcit in self-regulatory skills.
2.3.3. Focus on perfectionism
A ﬁnal explanation for the impulsive versus reﬂective dichotomy
seen in several learning styles (e.g., Butter, 1979; Kagan, 1965) is a
need by reﬂective students to be perfect. Perfectionism is a doubleedged sword in that it can either improve or suppress achievement
(Stoeber & Otto, 2006). For example, research by Stoeber and Eismann
(2007) found that musicians with high perfectionist strivings are
more reﬂective (spent more time on tasks) and gained better grades
in class than musicians with less perfectionist strivings. Research by
Stoeber, Chesterman, and Tarn (2010) showed that perfectionist strivings inﬂuenced performance on a letter detecting task as medicated
by reﬂection (spend more time on the task). These types of reﬂection
are linked to better academic achievement (e.g., Stoeber & Eismann,
2007; Stoeber & Rambow, 2007; Stoll, Lau, & Stoeber, 2008). Some perfectionist, however, are reﬂective but do not achieve because their reﬂection is a function of worry about failure and other people's
evaluations as opposed to problem solving (Stoeber & Otto, 2006). In
this case, perfectionist concerns and the reﬂective behavior that accompanies it are linked to negative outcomes, including performance anxiety, stress, and depression (Stoeber & Otto, 2006) that result in poor
academic achievement (e.g., Ader & Erktin, 2010; Ashcraft & Kirk,
2001; Peleg, 2009).
3. Practical implications for classroom teachers
Unlike learning styles theory we can have some conﬁdence in the
recommendations for teachers because these recommendations are
supported by research evidence. Teachers can improve outcomes for
their students in the following ways. First, we recommend that teachers
to provide multiple sensory representations of information in class. We
know that multiple sensory representations result in multiple, linked
representations in memory that improve understanding and recall of
the material. For example, when students learn a new vocabulary
about food in a foreign language class, its spelling, image, sounds (pronunciation), smell, or taste can be provided together. Using a multimedia software system, in which texts, pictures, sounds, movies, and
animation, and other media can be combined, is one of the good examples of activating multiple representation simultaneously. Considerable
research suggests that effective instructional methods in multimedia
learning according to the ﬁelds of studies (see Mayer, 2014).
In contrast to the learning styles literature we do not recommend
that teacher teach to strengths and ignore weaknesses. Students who
tend to have weak spatial or visual processing skills can improve these
skills through instruction (Pressley et al., 1987) and this results in improved mathematics outcomes. Likewise, improving verbal skills in students will have a signiﬁcant impact on learning overall because these
skills underlie and predict academic performance. Teachers who choose
to ignore weaknesses in verbal or spatial skills do their students no
favors.
Regarding differences in concreteness and abstractness, teachers
need to shift from viewing these as indelible “styles” to developmental
levels of expertise. Teachers need to search out or develop techniques
to move students from concrete representations to abstract representations. This can be accomplished in two ways. Teachers can give students
diverse concrete examples of a concept with the goal of the child
abstracting the intended concept from these examples. As an example,
students of teachers who consistently use a term, such as 1/4 in their interactions with students “Give me 1/4 of the pencils, move 1/4 of the
chairs” are more likely understand these concepts. Teachers can also
press for the transition from concrete to abstract. For example, in

transitioning students from counting objects to mental computation
teachers can cover manipulatives with a sheet of paper and have student imagine the objects they are counting. The transition from concreteness to abstract representation will be faster for some students
and slower for others but for the most part it can be accomplished. For
students who struggle, teachers need to avoid overly complex concrete
representations that may confuse students.
Regarding impulsivity, the teacher needs to determine whether the
student is fast and accurate (ﬂuent) or fast and inaccurate (impulsive).
If students are impulsive and accurate, they would be ﬂuent learners.
In contrast, being impulsive-inaccurate would result in problems with
attention, inhibition, and self-regulation. In the latter case, a teacher
will need to work with the student to improve their self-regulation.
Typically students who are reﬂective do well because this reﬂects a
high level of self-regulation but if reﬂective behavior is the result of
high levels of perfectionism this can be a problem. Students who are
highly perfectionist may be overly concerned with failure and avoid failure by never completing assignments because they are not “perfect”
(Stoeber & Otto, 2006). Teachers need to address the belief systems
that underlie perfectionism. Work by Dweck (2006) on mindsets
orients students to view ability as the result of effort as opposed to innate ability and to focus less on avoiding failure and more on increasing
ability. In line with this teachers need to avoid comments that suggest
that success and high ability are qualities of students and focus on the
importance of effort for success.
4. Conclusion
Learning styles theories and research have a number of problems including the lack of a solid explanatory framework, poor reliability and
validity of constructs, and a failure to link learning styles to achievement. Despite this teachers are often asked to provide instruction that
matches their students' learning styles. We have argued here that
doing so is a disservice to students. Furthermore, it is a bigger disservice
to teachers who spend valuable time teaching to “styles” when that instruction will not improve outcomes for students.
We have presented alternative approaches to learning styles theories
that are grounded in research and based on solid theoretical frameworks
in cognitive and developmental psychology. Unlike the learning style
literature, these approaches provide teachers with evidence-based
explanations for the individual differences they see in their students.
Understanding student performance in terms of differences in sensory-based representations, levels of expertise, self-regulation, perfectionism and temperament will provides insight into possible interventions.
Our approach is much less simplistic than the learning styles theory
but promises better outcomes for students. Based on our approach,
future research needs to explore the alternative solutions that would
have less methodological and measurement problems than the learning
styles notion.
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