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/7 Correcting Student Errors
~ and Misconceptions

Elizabeth J. Marsh and Emmaline Drew Eliseev

ver'\new and History

Mistakes are common in education and sometimes are even encouraged as part of the
eaming process. Young children, for example, are often instructed to “invent”
ihgs while writing, as this approach leads them to write longer texts (albeit
more spelling errors; Clarke, 1988). Many textbook chapters prompt students to
swer. “prequestions”™ about material that has not yet been covered, with the goal of
djn: their reading (Pressley et al., 1990). Learing to debug errors in computer
e is considered integral to learning to program (e.g., Klahr & Carver,
In general, the prevailing zeitgeist is for educational practice to encourage
1s to have a growth mindset and to accept mistakes as part of the learning

s (Yeager & Dweck, 2012).
ch practices differ greatly from what was considered ideal practice prior to the
‘Perhaps most notably, the behaviorist B, F Skinner argued strongly against
kand-error” view of learning in favor of avoiding errors when possible (Skinner,
The emphasis was on errorless learning (Terrace, 1963), meaning that learning

_“onditions should allow students to learn without ever making a mistake (under the

at errors had the potential to interfere with learning the correct responses). This

eetive is an “early selection” model of errors, in that it aims for errots to never

€ first place. Such an approach is insufficient for two reasons: First, in at

Ome instances, making a mistake may help learning (e.g., Komell, Hays, &

2009). Second, and more practically, it is virtually impossible to prevent

ner from ever making mistakes, necessitating a mechanism for error correction
Orrection” model).

Mportance of Error Correction

Standing how to correct errors is crucial, as uncorrected errors have the potential to
ematic. For example, students who do not receive feedback on their answers on
le-choice test are at risk for later reproducing some of the multiple-choice lures
ceted (for a review, see Marsh et ak, 2007). A student who incorrectly selects




ELIZABETH J. MARSH AND EMMALINE DREW ELISERYV

“mice” as the answer to the multiple-choice question “With the increase
nutrias in the U.S., which animal’s population decreased?: (a) beavers,:
mice, {c) moles, (d) muskrats” will be more likely to answer “mice”.
a later short-answer version of the question (“With the increase in nutrias
the U.S., which animal’s population decreased?”) than if they had ney
answered the multiple-choice question at all. This problem occurs with col 2o
students, high school students (Fazio, Agarwal et al., 2010), and even elem
tary school children (Marsh, Fazio, & Goswick, 2012). The problem is
question-specific, in that incorrectly selecting “gravitation” in response to:
question “What biological term describes fish slowly adjusting to water’ tem
perature in a new tank?: (a) acclimation, (b) pravitation, (c) maturation
migration” affects responses to conceptually similar questions, suc
“Animals that thicken their fur during winter are exhibiting what biologica
phenomenon?” (Marsh et al., 2007). Fortunately, there is a relatively s
solution: Tell students the correct answer (Butler & Roediger, 2008) - pre

ing one of the main messages of this chapter.

Uncorrected errors have consequences beyond believing a single falsehood is
conceptual misunderstandings can interfere with new learning of other related inf
mation. Students enter the classroom with naive theories about how thin

-based on their own experiences as well as portrayals in film and television an
beliefs are thought to impede acquisition of fundamental concepts in field
chemistry (e.g., Nakhleh, 1992), physics (e.g., Carey, 1986), and computer.p;
ming (e.g., Clancy, 2004), It is for this reason that teachers often iry to :
concepts on familiar objects and systems (e.g., using the solar system to te
the atomn), to make sure they are using the correct mental model for the p

Defining Feedback

Broadly, we consider feedback to be any information that has the pot
affrm or update a student’s knowledge (as opposed to feedbac
student behavior or motivation, for example). Our definition- of
not tied to a particular type of error and it can take many forms, in

if the student enters with a misconception.

Correcting Student Esrors and Misconceptions

dations to teachers, such as having students spread out learning over time

spacing; d = 0.60), create concept maps (d = 0.64), review worked examples (d =

and engage in peer tutoring (d = 0.55) (Hattie, 2015).
of our favorite experimental examples comes from Pashler and colleagues
because they separated the effects of feedback on maintaining correct
ersus correcting errors. That is, they argued that some of the inconsistent
ts i the literature likely occurred because these two types of responses were
$ the same, when feedback should have less of an impact on correct answers
at, by definition, there is nothing to correct). Their participants received two
Ces to study a list of twenty Luganda—English word pairs (e.g., leero—today),
aking a translation test (Jeero—?), On this initial test, the groups performed
 (as expected), translating about 40 percent of words correctly — meaning
¢ were plenty of errors to be corrected. Critically, some subjects received no
¢k about their answers, others were told whether each translation was correct
d a third group was told the correct translation of each Luganda word
1al controls were run to rule out possible confounds but we will not discuss
] '_ er). Of interest was the learner’s ability to maintain their correct
as well as to correct their errors, both relatively immediately and after

articipants did forget some of their correct translations over the course of
his effect was similar across feedback conditions. Error correction, in
epended on the feedback condition: Errors were only corrected after
swer feedback, not correct/incorrect feedback, and this pattern held
edlatgly and on a test one week later (although the expected forgetting
't the course of a week). These effects were very large — recelving
et feedback following a mistake improved final performance by 494 per-
owerful effects are consistent with pastreviews of the literature showing
of feedback.
and colleagues’ results highlight our first piece of advice: When students
It it is better to provide the correct answer than to simply mark it as
cached a similar conclusion when we tested students on what they
ading short passages describing history, geography, and science
et al., 2010). Answer feedback is even the better choice when
‘made on a multiple-choice test (Marsh et al., 2012), This finding
Olce tests is particularly discouraging about the usefulness of right/
> 85 such feedback does provide information in this case — it allows
Vitnow down the remaining choices. But of course this benefit is
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contingent on learners’ ability to correctly eliminate lures, leading to the findiy
shown in Figure 17.1: Following errors on a multiple-choice test, receiving righ
wrong feedback led to intermediate performance on a final test, between the levg
observed following no feedback versus answer feedback. The benefit of right/wrog
feedback dropped as narrowing down the choices became harder (with three remai
ing choices, for example, as opposed to one) — after being told one made an ervor ¢
a four-alternative multiple-choice question, performance was not much higher than
one had received no feedback at all.

in another study, we examined whether receiving right/wrong feedback (and
knowledge of what one does vs. does not know) indirectly benefits learning;
guiding learners’ future study efforts — but, unfortunately, our data did not support
this idea. After reading texts and receiving feedback, readers received a secon
chance to read the passages, at their own pace. However, all readers benefited fro

rereading, even if they had not received any feedback at all. One possibility is that

right/wrong feedback often does not provide any additional information to:h
leamer — there are many cases where learners have a good sense of what they
versus do not know without feedback, such as translations of foreign vocabulary
simple facts (e.g., Hart, 1967). However, there are also cases where people do
realize they are making mistakes, something we turn o in the next section of:
chapter. :

Errors Made with Confidence

We know intuitively that not all errors are the same ~ it is one thing to corre
incorrect translation and another to correct a misunderstanding of why seasons o
These two example errors differ in many ways, including but not limited t
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Figure 17.1 Praportion of ervors corrected on the final test based onfe
condition (no feedback, correct/incorrect, answer feedback) and the n_umb
multiple-choice alternative answer choices (two, three, four) on an inith
multiple-choice test (after Marsh et al, 2012)

Correcting Student Errors and Misconceptions

omplexity of the error (a simple factual error vs. a conceptual misunderstanding of
gystem), confidence in one’s response (which likely will be lower for the failed
pstation than one’s faulty explanation of the seasons), content domain (language

- y¢-science), and so on.

As a starting point, we can examine other errors that are similar to the incorrect
gnslations in most ways but differ in one key aspect. For example, many people
ieve that George Washington had wooden teeth or that Marie Antoinette said “let
tem cat cake,” even though neither is true. Structurally, these errors are like the
rrect translations, in that they are relatively simple paired associates, with the
George Washington—wooden teeth” association needing to be updated to “George
Washington—dentures made of bone and other nonwood materials.” The difference is
t:these misconceptions are likely believed with much higher confidence than
rrors made when translating recently learned foreign words. In other words, we can
amine either materials that elicit a range of confidence or a set designed to elicit
sh-confidence errors, to examine whether one’s confidence in an error affects one’s

htuitively, one might expect that beliefs held with high confidence would be harder
gorrect, as they likely reflect stronger representations in memory. However, numer-
tudies demonstrate that people are more likely to correct high-confidence errors
ow-confidence ones (the Mypercorvection effect; Butlerfield & Metealfe,
001): Given feedback, most people, for example, are more likely to comrect their
onception that Sydney is the capital of Australia than an error about the capital of
tswana. This pattern is observed across ages; for example, adolescents are more
ikely to correct high-confidence misconceptions about science, such as “The largest
f'the Sahara consists of sand” and “When in a heavy thunderstorm, it is safest to
down flat on the ground,” than misconceptions that were held with lower confidence
oon et alb., 2015). Even young children show a higher correction rate for high-
dence errors than erroneous guesses (Marsh et al., 2012; Metcalfe & Finn, 2012).
explanation is that people likely have greater confidence when answering
ons about topics they already know something about (i.e., most Americans
ore about Australia than Botswana) and that knowledge supports encoding of
dbaclk (for related ideas about how knowledge may support hypercorrection,
etcalfe & Finn, 2011). A second explanation involves people’s subjective
gs when faced with a large discrepancy between their confidence and accu-
a surprising error increases attention to the feedback, with consequent benefits
emory. This claim is supported by experiments showing that people take longer
spond to a secondary tone detection task when feedback mismatches their
Celations (suggesting they were distracted by the feedback; Butterfield &
alfe, 2006). Similarly, people are more likely to remember the color of the
ack when receiving feedback in response to correct guesses and high-
! :_ce errors (Fazio & Marsh, 2009), supporting the hypothesis that surprising

ck directs attention toward the feedback.
lassroom implications of these results are less clear; we do not wish
S to resort to “gimmicky” feedback in order to “surprise” their students.
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Rather, such results should provide reassurance that answer feedback will be suff
cient even in cases where students are confident in their answers.

Misunderstandings

Misunderstanding how echolocation works is a different probl'em. from not be
able to produce the term echolocation in response to a description of how..b
navigate. The first invelves misunderstanding a process v.vhereas the s.econd 5
a fairly straightforward memory problem, involving forgetting of a specific _tg_.
This difference has implications for what information the feedback should com
simply telling someone the answer worls in the case (‘)f simple errors (as described
the previous two sections) but may be insufficient with more fsomplex errors .
Many educators and researchers assume that more feedback is -better. Forexa
educational software programs (especially Intelligent Tutormg s‘ystems): of
respond to wrong answers with an explanation of why the answer i8 wron
Graesser et al., 2005). Educators provide in-line comments on student és
summary statements on student work, and co-mments on exams (e.g., Tomas,
2014). However, the experimental evidence is mixed as to whether there are
benefits from providing information beyond the correct answer (for a revie
Kulhavy & Stock, 1989; for a meta-analysis, see Bangert_-Drowps et al, '199 )
example, students whose multiple-choice selections revealed nusc.onceptlong 1
science {(such as the belief that an individual insect can become immune for pes
cides) benefited as much from correct answer feedback as explanatlpns of Wh th
choices were wrong (i.e., that natural selection operates at the species level, f
individual level; Gilman, 1969}, Similarly, it was just as effective to tell mij
school children the correct answers to factual questions as to have thent !
answers in their text {(with line numbers to ensure they could find Fhel'll; Peec
One issue that makes it hard to draw conclusions across studlies is ‘that th. |

information” added to the feedback takes many forms or, othf:r times, is not s ec.
in enough detail to evaluate. Students might receive expianat'lons of why ans
incotrect (e.g., Kulhavy et al., 1985), reread exact texts to discover w1.1y fhe
were wrong {Andre & Thieman, 1988), or be directed o look ata pal'th.lllF-l_l' _

a text to find the correct information (Peeck, 1979), among other variation!
issue is highlighted in a study where introductory psychology students \ive.re :

to one of four conditions, so that afier each multiple-choice exam they elthl? Te

no feedback, compared their answers with the correct answers written 01} ﬂl .
listened to the instructor discuss each question, or were directed to rerea.dke .
passages relevant to the questions they missed (Sassenrath & Garvelflt(.:.' o
Feedback helped performance on later exam questions that tapped retentlo tu
tions that were repeated from the midterm) but it did not mat.ter Wb:eth_ |
received answer feedback or listened to the instructor’s discussion. It ls:h?f
strong conclusions about feedback content from this study, howe,ver,.be?_ause
clear whether or not students interacted during the instructor’s dlsCI}SS_: -
feedback, nor what content was discussed. (Did the teacher focus on elaﬁ.{::hé
correct answer by explaining why some answers were wrong? efc.) _F“ :

Correcting Student Errors and Misconceptions

fen the answer feedback condition was unusual, in that it involved seif-grading
-omparing one’s answers with those on the blackboard} and as such involved the
fudents more than simply viewing answer feedback.
Logically, it is not clear why students would need more information than the
swer to improve on a final test containing exactly the same questions as before - in
ich a situation, retention is required, not explanation or elaboration of knowledge.
T_ﬁéj advantage of elaborated feedback should be greatest on final tests that require
oing beyond retention to demonstrate a deeper understanding of the key concepts
d applications of one’s knowledge to novel situations, Returning to the study of
oductory psychology students just discussed, the data hint at this possibility.
ddition to repeating questions from the midterm, the final test included new
uestions that were conceptually related to some of the midterm questions, to test
_'_éfer of learning. On these transfer questions, performance was best in the
ussion condition, with checking one’s answers a close second. Again, it is not
: exactly what the teacher discussed but it seems reasonable to assume that
ord “discussion” would involve more than Jjust providing the answer.
e tested these ideas more directly in our own work, where students learned about
plex scientific processes such as understanding how bread rises or how torna-
form (Butler, Godbole, & Marsh, 2013). After reading the scientific texts,
ts took an open-ended test probing definitions of the concepts; critically,
- each response, students received no feedback, were told the correct answer to
estion, or received the answer in combination with an explanation that had
resented in the earlier text (Butler et al., 2013). Two days later, students took
test that included some of the same definitional questions as on the first test, ag
s novel inference questions. For example, the final test required students to
the process that facilitates gas exchange in the alveoli (definitional question)
explain why breathing pure oxygen helps people who have trouble breathing
rence question). When faced with the same definitional questions as on the
test, students benefited from having received feedback — but it did not matter if
¢'dback contained the right answer or an explanation (see Figure 17 2).
rast, when faced with novel inference questions, students who had received
ation feedback outperformed those who had only received answer feedback.
tra information in the explanation feedback was unnecessary when the test

-retention of answers; the explanation feedback was needed when the test
transfer of knowledge to a new context.

a student understands a concept, he or she may struggle to understand how
RCEPt interacts with other concepts or how to generalize that knowledge to
roblem. Students may sometimes have an incorrect mental model of
10n; in this case, what needs to be changed is the larger mental representation
specific fact or concept. We discussed earlier how feedback can be useful in
simple errors and here we will focus on how feedback can be used to

student’s flawed mental representation of broad conceptual information,
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£1 No Feedback
Correct Answer Feedback

B Explanation Feedback

Proportion Correct

Repeated Transfer
Final Question Type

Figure 17.2 The effect of feedback type (no feedback, co;frect answer f ced]
explanation feedback) on repeated questions compared wa{th rmmg“er. ues
{from Butler, Godbole, & Marsh, 2013, 2. 292, Adapted with permissio
American 'Psychological Association) :

of evolution into a single sentence, for example. Here is where the linic
between learning and correction; the first time students learn about

incorrect beliefs about the concepts)? - N
For example, consider students’ misunderstanding of emergent

circulation of blood in the body, and the stages of mitosis (Chi et .al: :
is the direct result of an agent, prior process, or stage .. In contras‘

are nonsequential and based on unconstrained, con_tmuous ac'qq_
The end result emerges from the set of actions but is not cause@ b
action. Examples include osmosis, heat flow, and natural selec:’flo
a student’s response to a question about diffusion {(an emergen:t_ pIo
he or she is incorrectly applying a direct process moc}:ei_. ‘Whi
exchange of CO, and O, in the lungs, the student stated: t];e
your lungs would . . . let the oxygen come in through the space.
the carbon dioxide would go out ... because ... it wan.ts_.t.o
concentration, so all the carbon dioxide would want to go tl;roug
a lower concentration” (Chi, 2005, p. 185). The s?ud.ent .l.ISGS.' 5
stating that oxygen first comes in and then carbon dioxide gQSS

Correcting Student Errors and Misconceptions

ats diffusion as an intentional process where oxygen wants to get in and carbon

de wants to get out. In reality, CO, and O, (and all nolecules) are in constant
jon (Brownian motion), moving from areas of hi gh to low concentration — and it
ese collective movements that yield diffusion, not one molecule causing another
ve.
“teach emergent processing, Chi and colleagues created a module that (1)
¢d and differentiated the two types of processes, (2} gave everyday examples
ach, and (3) prompted the student to examine how the processes played out in the
fy_d'ay examples. For direct processes, students learned about wolf pack hunting
skyscraper construction; for cmergent processes, students learned about schools
sh’and movement in crowds. The examples were chosen to have familiar
ctures that students confd easily understand. In the third part of the module,

stadents: identified whether the examples fit the criteria of direct Versus emergent

rties, as they had learned about in the beginning of the module. For example,
ts:identified whether all agents had an equal role (indicative of an emergent
5) 01 not (suggesting a direct process) — for example, noting that the architect’s
ifferent from the welder (skyscraper example) but that no single fish drives
hool of fish. To test the effectiveness of this module, Chi and colleagues
8th and 9th grade students to complete the emergent processing module
1ol science module; aii students Jater completed a module on diffusion and
that tapped standard misconceptions about diffusion. Students who
the emergent processing module (the “feedback™ targeting the miscon-
etidorsed fewer of the nisconceptions than did the students who completed
ol module, although questions about the generality of this work remain,
ptual change is required to fix misconceptions of many complex processes,
nndé‘rstanding how evolution works or why we experience seasons. Many
escan'also be drawn from physics, where many students {and adults!) possess
1S about force and motion that are incorrect. For eXample, many people
uniderstand the concept of curvilinear motion, When people are shown the

lack ling), people do not predict that the water will follow the curve
stead, correctly predict that the water will shoot directly out of the
ht line, mdependent of the curvature of the hose). In this and other
tedback involves drawing students’ attention to familiar past experi-
M understand their mistakes in more abstract situations.
mp_haSizes the many different forms feedback can take, from simply
Cthet an angwer is correct or incorrect to an entire learning module.
Ot educators to know what is needed, and when - points we cover in
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Figure 17.3 The ball and string problem, which tests a person 5 understandj
curvilinear motion (after Kaiser, Jonides, & Alexander, 1986) .
This schematic shows correct and incorvect responses (dashed lz'n.e_s) to th
and string problem, which tests a person's understanding of curvilinear

Overview b
The laboratory is obviously very different from the classroom - and Qvin
that expectation, we were shocked at the differences we expenence(% w e
started working in undergraduate engineering classrooms. Our experu_petrg
not translate in the ways we expected them to = stuc.lents worked tI ech
assignments, teachers unknowingly ruined mampuiat10n§, and pe.op é-
(Butler et al., 2014). We can only imagine the chaﬂenges involved in -
classrooms with younger students. We are not surprls‘ed.that somf d
findings do not translate to the classroom;‘ a once-significant effe
swamped in the classroom when the experimenter can no Ionge.
other factors that carry more weight. :
Fortunately, it is clear that receiving feedback benefits students learni
educational materials, although sometimes learming is mf:asured out-s; ;
ments contributing to course grades. The benefits occur with such varie
topics as soil ecology (Farragher & Szabo, 1986), army ants (Su}l;b&
1975), glaciers (More, 1969), the human eve (Kulhavy, Yekovich, ':eése
and introductory psychology (e.g., Kulhavy & Anderson,l 1972). Incr . r
to feedback matters; for example, the number of optional ,11?131_6;)@.
sessions aftended is correlated with final course grades (Nufiez- “61?.1
Sudrez-Pellicioni, 2015). Quality of feedback also m‘atj[ers; 6th_h..t.t
math achievement improved after teachers received training on what.
their written feedback to homework (Elawar & Corno, 1985).

Know the Few Situations Where Feedback May Be Unnecessary

le title of this section may appear to directly contradict everything we have written
us. far — so it is worth reiterating that most of the time feedback Is important to

provide. However, in schools, time is a precious and limited resource - criticaily,

‘spent doing one activity is at the cost of another. It remains an open question
ducators should decide to spend valuable class time, given that the time used to
bute feedback could be uséd for other learning activities known to benefit
arming, such as retrieving information from memory (i.e., flashcards, quizzes;
cDaniel et al., 2011) or writing to learn activities (for a meta-analysis, see Bangert-
owns, Hurley, & Wilkinson, 2004; see also Klein and Van Dijk, Chapter 8, this

One situation was alluded to earlier in this chapter: Feedback has relatively little
ect on the maintenance of correct answers, unless they were guesses (Butler &
Roediger, 2008). In contrast, feedback js absolutely crueial for error correction and
{d not be skipped. The logical extension of these findings is that feedback may
¢ necessary if student performance js uniformly high. This point was captured in
atory study where undergraduates received a fixed amount of time to learn two
{ Swahili-English translations (Hays, Komell, & Bjork, 2010). After an initia)
phase, students completed a series of test-feedback trials (akin to going
A pack of flashcards repeatedly). Feedback viewing was required for one
ery flashcard had to be turned over), whereas it could be skipped for the other
etermined by either the computer or the learner. In this case, skipping
k (whether determined by the computer or the student) meant that students
ore time practicing retrieval (as opposed to reading feedback), which led to
otrect translations a day later (reflecting the known memorial benefits of
ing information from memory; e.g., Roediger & Butler, 2011). Tt should be
owever, that participants’ judgments about whether or not to skip feedback
ere excellent, with 85 percent of their feedback choices lining up with their
Ormance. As covered in the next section, students are not always so
fed at judging their need for feedback, meaning it is likely safer for the teacher

& decision that feedback is unmecessary.

hat Students Look at the Feedback

1on “Errors Made With Confidence”, we argued that surprising feedback
for later correction (Fazio & Marsh,

bl

understood it. In the laboratory, we
eS¢ problems, requiring feedback to stay on the computer screen for
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aset period of time, instructing students to respond after reading it, or asking styq
to make a judgment that shows they processed it for meaning (e.g., Lhyle & Kylhs
1987). However, educators normally do not have the option of forcing studens
spend a set amount of time reading feedback, given that time spent on review i
less time for new learning activities.

Furthermore, attention is not guaranteed, even in a relatively captive clagsy
given that laptops distract (Fried, 2008) and minds wander (see review by'Sz
Moulton, & Schacter, 2013). The laboratory likely underestimates the challeng
directing a learner’s attention to processing feedback in authentic education;
tings, where feedback processing is often left to the discretion of studerits,
all seen students recycle their commented papers as they walk out the ¢la
door, or experienced empty office hours when no students stop by t vie
exams (which were not returned in order to protect a bank of test quesﬁén :
data confirm these anecdotal impressions. For example, one set of ré_""étr
advantage of the practice of allowing third-year medical studenis to'su
addressed stamped envelope (SASE) so feedback on their essay could:
them. This essay was a five-page review piece and a passing grade
advance to the next grade. Unfortunately, less than half of the stude

SASE, meaning most of the students did not receive any feedbac o__i1

work (Sinclair & Cleland, 2007). Perhaps most discouraging - stud
needed the feedback the most (the ones with lower course grades)
likely to provide an envelope so that the feedback could be mailed.
In our study in an engineering classroom, we used an online,
that allowed us to automatically collect records of whether or fio
clicked on problem-by-problem feedback {(Mullet et al.,, 2014
made it possible to require feedback viewing, if desired. In ong s
feedback viewing was required and counted toward the éla
“section, feedback viewing was optional, as is the norm' i !
The results were striking: When feedback viewing was requi
students clicked on the links. In contrast, students in the feed
only clicked on the feedback links for 47 percent of the g
problem, students viewed the feedback sooner and more ﬁ_‘ac'{
required section than in the optional section. These differen
ciated with differences in performance on the course exam
required to view the feedback answered 10 percent more ¢
than did the students for whom feedback viewing was opti
Why did students sometimes fail to access the feedbac
possibility is that students simply punt on tasks that do.no
grades. A second possibility is that students may not always.
know when to look at the feedback. 1t is entirely possibl
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called summer learning loss whereby students appear to lose large amount
information over summer vacation (Cooper et al., 1996). One issue involves
to reactivate that previously leamed information; another problem involv
potential resurgence of an earlier error. -
First, consider the problem whereby a student has forgotten the meanings o
concepts from a class. In at least some cases, the simple solution involves
reexposure to the material — the same way a tip-of-the-tongue state is often res
when someone takes pity on the speaker and fills in the missing word. In U
work, we have shown that a multiple~-choice test can serve the same function
knowledge about the Treaty of Versailles is forgotten, solving the multigle
question “What peace {reaty ended World War 17” is sufficient to reactivat
also providing formative assessment to the teacher). One problem involves
ing which information should be revisited; when we investigated thes
a pharmacology classroom, we relied on the instructor to identify" fo
material that students were supposed to know from prerequis e
(Butler et al., under review). For three of the course’s six units, studen
multiple-choice questions on related foundational material (Wh ;
assigned to the interventjon versus control were counterbalanced"'aqrp
Pretesting indicated that students were unable to produce 75 percent
tional material at the start of the course (even though it all ha
prerequisites for the course); multiple-choice testing (withow
significant improvement on a later test of that foundational ma't'ér_l
edge, this is the first demonstration of stabilizing access to founds
in & classroom setting but there is still much to be learned abot
which knowledge needs to be reactivated and how often —a poin
end of this chapter. :
The second problem involves the resurgence of errors: Spontd
undesirable behaviors is common — the drinker who abstained fr
off the wagon,” a frequent flyer may become anxious aﬁer_nur_ne
and long-debunked beliefs (i.e., that the world is flat) b
In education, this problem is particularly problematic when de
held misconceptions. Earlier in this chapter, we discusse
likely to cotrect high-confidence errors such as “Sydney is
than erroneous guesses, given feedback. This result is sutpt i
held errors would be expected to be harder to correct —an
the feedback leads to a higher correction rate. But wh
passed? Forgetting of the recent event (the feedback) W
forgetting of the misconception (this is Jost’s Law; Jo
some point in time, the misconception will be strong i
Aweek later, it was errors such as “Sydney is the capi
likely to reappear (Butler, Fazio, & Marsh, 2011).
Finally, vestiges of misconceptions may remain
knowledge of the correct information. For exampl
that the ability to move is a prerequisite for life;. a':b :
being alive. The remnant of this belief shows up when
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Kly classity a series of items as living versus nonliving;
ate to classify plants than animals, even after contrfil
berg & Thompson-Schill, 2009). Even PhDs in biol

entold to make their decisions quickly, -

?hey are slower and less
ing for word frequency
2y show a similar effect

- despite having spent an a twi

. . vera ty

b1‘olo'gy faculty. Under the right circumstances, an Ingrained Ihlsi?:)z;ef fr?a
y

ith its correction. Similarl
: . Y, even though most peo
- . ple know that i
ml;i, l:;};emer an Ob_]GCt. floats or sinks in water, they are slower todeml;:iy
_ ﬁd'e tmasls and density are not positively correlated, reflecting the ch'ide
ncy to relate buoyancy and size {Potvin et al, 2015) -

Z]é_ej ;El)ogt learning are nf)toriously incorrect. For example, many student
3 mstz adc:lel?t stud)f strategies such as rereading their textbool,cs and rewﬁfillllgs
TS of engaging in self-testing (Karpi
t ' arpicke, Butler, & Roediger. 2
another popular, yet ineffective, study technique often used b;gz sr;udoeoi).
nts.
s dy sessions
s y are massed togeth
r_né ﬁs 1;({)}; 1;’;16 . I-llthey actually learn more when they spread out theirgstudeyr
11, - these metacognitive illusions like]
: T Yy occur beca
5 gm:lil, evznilif 1t does not promote long-term learning. That is rt:l::aceiia -
. . i ? n
an reading it for the first time, and a translation is easily retrieved i%

mtﬁe?:irit:dy strategies (see Bjork & Schmidt, 1992). Tt matters what

I erences are correlated with their t :

v ren _ eacher ratings (Belech ,
2012) which in turn often play arole in how teachers are evaluated fjl

ol_é;:cgef;:;igfmk t:hagl includes written comments, although the need
-7 Bepending on the nature of the comment and the
: : ¢ of to-be-
I&;ievsetruc;eégz )Va;ji (\)Vr;l;en feedback, not all Writtyti; feedb;cfic
. eaver, - A mon complaint of students is that th
thgy recen.fed on their assighments was unclear confusi "
.;::::(t)aglgs) LE m;ler for gmdents to understand ’how tosizi;rgig
© D,f o ;1 arlier we dlscusse'd h?w feedback need not always
“ck-that )‘;X }la:ftlculimf answer is rlght or wrong — but students
._:;:mt emuph Zns their gradg, Eor mstance, one student com-
1, studentsprfer eedbac gt o 2
- . - fal contains comments on th
:e_n; .rt::)th;rl lf.l};eu: hspemﬁc details, Unsmprisingly, students Iik:
W o A eir confidence included with more critical
6 oo eir work (Ferguson, 2011).
: préferenszt? ﬂ1{s ;hat feedback should be provided as soon ag
t_lﬁmted " Stude y a'liso reﬂect.s their desire to know their
et . .ents, ftoccurs in contemporary educational
o0 a positive feature of an assessment if feedback can
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be immedijate — Coursera touts immediate feedback to student responses in ma
open online courses (MOOCs) and teachers can purchase the Immediate Fegdba

Assessment Technique (IF-AT) testing system (where students uncover a stz

scratch off the correct answer to a multiple-choice question; Epstein, Eps_’éein

Brosvic, 2001; Epstein & Brosvic, 2002). This belief traces back to B. F.'§
who showed that animals required immediate reinforcement to learn an asso
between a lever press and a food reward (see review by Renner, 1964). Howey
results with humans are actually quite mixed, with some studies (mostly ;
studies) showing a benefit of immediate feedback whereas others (mostly 1
studies) show a benefit of delaying feedback (for meta-analysis, see Kul
1988). Despite the ambiguous success of immediate feedback, stude
a strong preference of using the IF-AT where they receive immedia
feedback over traditional multiple-choice testing (Dibattista, Mitterer, &
2004). On written assigmments, university students preferred feedbac '

in two to three weeks, as long as it was before the start of the ne;
(Ferguson, 2011). g

In our own work on this issue, we used an enline homework system the

us to carefully control the timing of feedback (Mullet et al., 2014). Stud:
level undergraduate engineering classes received identical feedbdck o
work assignments; the only difference was whether the feedback
immediately after the homework deadline or delayed by one week: C

exams were higher following delayed feedback, even after controllin,

for the shorter retention interval. However, students failed to Tec

of delayed feedback. When asked which feedback schedule they'p

one was more effective, the overwhelming majority of studef;t's
preference for immediate feedback. This was true regardless of whe

enced both schedules of feedback within their course (a within-sul

only experienced one of the two schedules (a between-subjects

was a metacognitive disconnect between the feedback timing s

preferred and what actually helped them to learn. s

Given the general importance of student ratings in teache

stand why teachers might be loath to implement a strategy U

is almost universally disliked. One possibility is to explain

reasons for one’s choices (which is possible in practice,-atb

experiment) - in teaching, we have found that students interpr

evidence thai the teacher does not care or is procrastinating

completely manage this impression but explaining the reaso

has the potential to help. E

From the instructor’s perspective, feedback consists f
(other than the negative affect associated with making a mt
enter the classroom with preexisting beliefs and diffe
them. No one is surprised by a lack of change when otie
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typ'e of situation is also one where &
at when someone is motivated to beli
to reject it. Accordingly,

Xplanation feedback can help. It makes
Y believe something, he or she wi
participants who received both teh\em:ilglllnetefn?;re
e more successful at correcting their misconce ef
recetved feedback with the correct answe R'p
the following feedback, “The color red dr e
because bulls do not see the color red, and ii:iézgt
e . i1'1111(‘?rtez:1(101r as a thre.at (f;he explanation)” (Rich et al.,
oot D e ase your belief in the feedback and help 01;
e, Rind 1on Y recerving “The color red does not enrage byH
wer al., 2017, p. 4?2). When tackling students’ m%stalter?

¢l answer is a good way to refute
feedback as trye.

tion ~ it i very appealing to think about

Ct tOthll] [)e Q a.I ed leal nin, 1l Mosi cases we kﬂ() W ]ltﬂe
g TSOn 1Z1 g,

he underlyi i
sbhaliz;iiyi];ag rz.lgomhms. From the academic perspective, the
it o ng gomes from work looking at the effec;s of
e e tr'e’rentml:l o‘f Spanish vocabulary words (Lindse
| iy 5{ ) t:fec? Spanish vocabulary via an online ﬂashcarz
: LTy, 1o o oring sy§tem called the Colorado Optimized
i u}'ere o f;rd practice condition, practice was massed —
L r“Wis;g'.:lcei to be translated chapter—by—chapter, 5o that
th’e':"scheduIZr hasd e CIa.S ® progressed through the book
o o ) a c.)ne~th1rd of the words revisited later m
i : V;e.:r time. In a third condition, analytics were
'e'leame f’sa(; ;f; ::IEEduile for one-third of the words; the
5 a large a ,
25 about which items needf,g therz"::)l:;l ;fjcgiza ;?i(;;;l’gft
: , the
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results showed that children learned the words in the personalized spacing cond;t;g
best, followed by those in the spaced condition, with the worst retention of Wgrds
the standard practice condition (especially those that had occurred eaﬂy-' in th

course). - N E
Feedback was provided in ail three COLT learning conditions, so the current d

do not tell us anything about how feedback should be schfaduled. Howe‘vgr-
evidence suggests that the temporal spacing of feedback is similar to that of e
{Smith & Kimball, 2010). That is, a fair amount of evidence suggests that_ th.. '
between leamning opportunities should be between 5 percent and 20 percent of
desired retention interval (Cepeda et al., 2008) — and this same formula_\yOr
timing of feedback.

Final Thoughts

Vague advice to educators can be harmful rat].ner Fhan helpful
implemented in a way that changes the processing involved. On coneer
we are simply asking too much of teachers, who are a]read“
mandated curricula - especially since we suspect many of the chgpter‘s

are providing other pieces of advice. However, we encourage teachets to

feedback over time. The teacher can also watch for any indicat(jr .tha'
regressing, which could trigger a need for review. More generall
teachers to think more flexibly about the definition of feedbac

in-class review game — it does not have to take the form of r'.esp
graded assignment. -
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