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When a learner is practicing a cogniti i
nitiv :
T ; gnitive skill, a teacher can provide feedback to help promote
meaningful learning. This chapter focuses on th ducati implicati
. ) e educational implications of Thorndike's famous
law of effect, the idea that learning occurs when a | i i
o ik ket b A earner does something and receives feedback.
e . .
Ak century, and even continuing on through today, classroom instruc-
{ een more i
o . Y ; strongly influenced by the law of effect than by any other idea in the
ps-yc ology ? earrung. To help you better understand this principle and its relation to instruction,
this chapte-r .lnvestlgates how the law of effect can be related to classroom management and class-
room activities. Then we explore the role of feedback in response learning and skill learning. For
each topic, the chapter contrasts a behaviorist versus cognitive view of the learner and the learning
process. Providing feedback is a long-standing method of instruction that dates back to the start of
educational psychology. The premise of this chapter is that all forms of feedback are not equally
useful in promoting meaningful learning: Meaningful learning can be promoted when feedback is
presented as information intended to guide the learner’s construction of knowledge and instill
intrinsic motivation, but meaningful learning is not promoted when feedback is presented as rein-

forcement intended to automatically increase or decrease a response.
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improvement in your performance. Practi
ing. Thus, a second explanation is that d
back. The feedback tells you how far aw

ce—by itself—might not be enough to enable learn-
uring the training period you had practice with feed-

. ay each penny landed from the target. Thus, knowing
the effects of your behavior seems to he 4 potent force in helping you change your behavior.

Does your accuracy decrease during the extinction period? If so, we can say that feed-
back is needed for you to maintain your performance. If you are able to maintain a high
level of accuracy even during the extinction period, we can say that you have learned to
provide intrinsic feedback. That is, you have learned to be able to tell whether your per-
formance is accurate without external feedback.

How does feedback affect learning? This chapter explores two views of feedback—
feedback as reinforcement and feedback as information. According to the reinforcement

| view, which is based on behaviorist approaches to learning, feedback serves to strengthen or
weaken responses or, more specifically, the association between a stimulus and a response.
In short, rewards make the association Lo a response stronger, whereas punishments make
the association weaker. The process of response strengthening or weakening is automatic,
not requiring any cognitive interpretation by the learner. In contrast, the information view,
which is based on cognitive approaches to learning, holds that feedback is information that
the learner interprets in order to make sense of a learning episode. Learning depends not on
the feedback but rather on the learners interpretation of the meaning of the feedback. 1f you
are interested in promoting meaningful learning, feedback is useful to the extent that it pro-
vides information that guides the learners construction of knowledge.

In this chapter, you will learn how feedback can be used to promote meaningful learn-
ing in each of several kinds of learning situations: classroom management of disruptive
behaviors, students’ selection of classroom activities, response learning, and skill learning,
Classroom management refers to decreasing students’ disruptive behaviors, such as shout-
ing out or pushing other students. Classroom activities refers to promoting students’ selec-
tion of appropriate activities, such as choosing to do an art project during a free period.
Response learning refers to the acquisition of a new response, such as tossing a coin so that
it lands on a target. In response learning, the outcome of learning is a change in a single
aspect of the learners behavior. Academic examples of response learmng include learning
to say “six” when you are presented with a flash card that states *3 + 37 lcqmmg 10 raise
your hand before you speak in class, or learning to turn handle on a water fountain to get
a drink. Skill learning refers to the acquisition of a new pmgcdurc»——or set of steps—Ilor
doing some task. In simple skill learning, the outcome of learning is being able to carry out
a procedure, like being able to compute answers for two-column multiphication pmh\ems
kike 3% X. 67 = . In complex skill learning, learners develop experuse in performing
authentic tasks such as playing a prano prece

i The Law of Effect
THORNDIKE'S THEORY
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«sponse learning, let’s consider an early study performe
To get a better understanding of response learning ¢ : by 1 ed
by E. 1. Thorndike (1898, 1911). Figure 7-2 shows a puzzle box used by Thorndike. As
W E, L wndike (18Y0, » g ‘ Ry |
)’ s 1} yuzzle box is a cage containing a door that can be opened from inside the
'Ou can see, the puzzie boX 15 & C&4) .
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FIGURE 7-2
A puzzle box
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Source: From Thorndike, £ L. ( 1898). Animal intelligence: An experimental study of the assocatve
processes in animals, Psychological Review, Monograph Supplement, 2(8), 13.

cage. A hungry cat was placed inside the puzzle box with a dish of food outside. Ina typr
cal experiment, the cat had 1o learn to unlatch the door by pulling a string. The first ume
the cat was put into the puzzle box, the cat engaged in many irrelevant behaviors, inchid:
ing scratching the bars, meowing, and POUHCmé on the floor. Eventually, the cat pawed
at the string and accidemal!y pulled it down: this action opened the door‘;md allowed the
Ifa‘ to escape ﬁf?d eat the food in the dish On subsequent trials, the cat tended to spend
ri:ullt:tlezzls;ﬁ?i :?O:n;z\[l:;; l[);;}e]a:qrs such as pouncing and meowing and ulcii';i;:
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pProcesses in animals, Psychological Review, Monograph éi’gglee”é;/:n;é%enmenral study of the associative

(i.e., being in the puzzle box) and the response (e,

each Um? lhe cat pulled the string, the result was positive; thus, according to Thorndike.,
the association between the stimulus (i.e.. being in the puzzle box) and the response (i.e.,
pulling the string) was strengthened. At first, the response of pulling the string was very
weakly associated with the stimulus of being in the box, but by the end of the experiment,
the association was strong. At first, several irrelevant behaviors were strongly associated
with being in the box, but by the end of the experiment, those associations were weaker.
Thus, according to Thorndike, learning to make an appropriate response involves
strengthening the relevant association and weakening the other associations. The principle
underlying this learning is called the law of effect, because learning depends on the effect of
each response. The law of effect is the idea that if a behavior is followed by a pleasing state
of affairs, it is more likely to occur again in the future under the same circumstances, and
if a behavior is followed by a displeasing state of affairs, it is less likely to be given again in
the future. Here is how Thorndike (1911) summarized the law of effect:

8., meowing) was weakened. Similarly,

Of several responses made to the same situation, those which are accompanied or closely
followed by satisfaction . . . will, other things being equal, be more firmly connected to

the situation, so that, when it recurs, they will be more likely to recur; (bL)SE which are
accompanied or closely followed by discomfort . .. will, other things being equal, T\;C. their
connections with the situation weakened, so_lh:ll \;]vhc‘n i rea}xrs, l!h:y t\?:li‘::glf:s‘[\lt : i\\L :lc:ng
occur. The greater the satisfaction or discomfort, the greater the strengthe g

of the bond. (p. 244)
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FIGURE 7-4
A Skinner box
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SKINNER'S THEORY

Skinner (1938, 1953, 1957, 1968, 1969) conducted ex[epsive research thy, "
improve on Thorndike’ methodology and modify his theories. For example, Wilhrv
to methodology, Skinner developed devices that have begn called Skinner boxes. B e
shows a Skinner box for a white laboratory rat. The Skinner box consists of 4 mfu A
a metal gnd floor, a bar that can be pressed down, an'd a food tray that is connectedcag“'
machine that delivers food pellets. First, lets put a white lab rat into the Skinner box .
rat will engage in many behaviors but will rarely press the bar. Thus, the baseline r;[The
bar pressing is very low, as shown in the left portion of Figure 7-5. Now les adjus[e :
food pellet machine so that it delivers a food pellet to the food tray each time the ba:h
pressed. At first, the rat—like Thorndike’s cat—engages in many irrelevan activije
Eventually, the rai—like Thorndike’s cat—will accidentally produce the desired beha\,,os'
As soon as the rat presses the bar, a food pellet appears in the tray and the rat presumablr'.
will eat the pellet. Over the course of this learning session, the rate of bar pressing wiﬁ
increase dramatically, as shown in the middle portion of Figure 7-5. The Skinner box is
improvement over Thorndike’s puzzle box because the animal does not have to be placed
back into the box after each successful response.

To describe the learning process, Skinner developed reinforcement theory. The main ide;
in reinforcement theory is that reinforcers can control behavior. A reinforcer is any stimu.
lus that, when contingent on a response, serves to increase the rate of responding Ths
definition has two components:

¢
5

1. Contingency. The occurrence of the reinforcer depends on (e.g., follows immediately
upon) the occurrence of the learner’ response.
2. Rate of responding. The reinforcer serves to increase the learners rate of responding

The food pellet fits the definition of a reinforcer because (1) the food pellet is delivered
immediately after the bar is pressed (i.e., the delivery of the food pellet is contingent on the
learner’s pressing the bar), and (2) the rate of bar pressing increases when bar pressing
reinforced.

’ —— Food
?/ pellet
Z dispenser
~ \ P
LAIIIAE
7 /
Electrified wire floor/ Press bar / :;:;l;et
;___________,_,-".

Courtesy of Raiph Gerbrands Co, Arlington, MA.
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IS REWARD MORE EFFECTIVE THAN PUNISHMENT?

A remnforcer may be positive or negauve. A positive reinforcer is anything that, when pre-
sented contingent on a response, tends to increase the probability or rate of that response.
A negative reinforcer is anything that, when taken away contingent on a response, tends to
merease the probability or rate of that response. Presenting a food pellet to a hungry rat is
an example of a positive reinforcer, whereas stopping an electrical shock is an example of a
negative reinforcer. Thus, a response can be reinforced by either presenting a reward or
taking away a punishment.

i:l‘c‘mmﬁsx. two kinds of sumuli may serve to decrease the rate or frquency gf respond-
g (1) presenting an aversive stimulus contingent on a response, and (2) taking d{‘*d‘ a
m\.\*.maing stuimulus contingent on a response. You can consxc.1c‘r zhesg ufhbe‘ lf(oprllls o [J'Lll:lh-
ishment lFm' example, the rat might dcvt‘c:}sc its rate of bar pzc.s?mi if j]]s o; goom ea(;
bar press or if pressing a bar causes a machine to stop supplying oa pc~ ets <7r' ‘su(on s.
2 « arioinal law of effect as presented in the preceding section gave equal sta-

Alligugh the Origta his version did not survive Thorndike’s lifetme. Toward
fus to reward and }‘l{“lﬁi“‘1"l"‘ ??1,:‘}‘6 vi;“k of studies, Thorndike (1932) felt compelled
the end of his scientific career, after hundreds I;‘ e e rrat s iote
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How Do Classroom Management Techniques Affect

Classroom Behavior?
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CLASSROOM MANAGEMENT

As you may have noticed, the law of effect (or reinforcement theory) suggests mgy,
classroom applications, including classroom management—techniques for maintainipg
a productive learning environment in the classroom. In any classroom, studens yj
exhibit some behaviors that are disruptive and some behaviors that are productive [
learning. One goal of a classroom management program is to decrease the frequency of
disruptive behaviors and increase the frequency of productive behaviors. As you can s
this situation seems similar to that of Thorndike’s puzzle box or the Skinner box becaus
we have some target behavior that we want to increase or decrease. Thus, a major ques
tion is whether the principles of reinforcement developed from animal research can b
applied successfully to humans. In this section, we explore two examples of how the lav
of effect can be applied to the task of classroom management—contingency contracting

and token economies—after briefly exploring the predictions of behaviorist and cogi:
tive theories.

BEHAVIORIST VERSUS COGNITIVE TH
OF CLASSROOM MANAGEMENT =

According to a behaviorist view, classroom management techniques automatically chang

classroom behaviors: Behaviors that are punished will gradually decrease, and bebi®o? k
that are rewarded will gradually

" . ’n'
Increase. According to cognitive theories, classroom M
agement techniques serve as inf. . o i

. 1 n‘e>

ause-and-effect chain leading to negative consequ® nL"

» L‘

be that”) and wants to avoid a negative Consequeffed
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FIGURE 7-6
Number of

perday in a

dsruptive behaviors

Special education
tlassroom

punishments. For example, Sulzbacher and Houser (1968) conducted a study mvolving
children in a special education class The first step was to define the behavior to be
changed, in this study, the teacher attempted to decrease the frequency of children making
a disruptive gesture referred 1o as the “naughty finger.” The next step was to determine a
contingent event that might serve 1o decrease the rate of responding; in this study, the
teacher used a loss of 1 minute of recess tme from a 10-minute recess. As you can see, this
contingency seems 1o involve both punishment and reward; for each inappropriate
behavior, a rewarding stimulus (] minute of recess) is taken away, but lfor appropriate
behavior, no time will be lost from recess. This procedure is called response cost because
inappropriate behavior costs the student in terms of diminishing a reward. Another
frequently used contingency is called time-out—ifor each case of mappropriate behavior the
child is moved to a quiet place for a short time These techniques seem to be more useful
than traditional types of pumishment, such as verbal disapproval or threats. The third step
in classroom management is to establish a clear procedure for administering the program,
with clearly articulated rules.

For 9 days, the teacher stimply kept track of the frequency of occurrences of the naughty
finger. This is the baseline period, and as you can see in Figure 70, the rate of responding
for the class was about 15 occurrences per day. At the begmning of the 10th day, the
teacher began the training period by making the following announcement:

From now on there will be a special ten-minute recess at the end of the day. However, if | see
the naughty finger or hear about 1t 1 will flip down one of these cards, and you will have one
minute less of recess whenever this happens. Remember, every ume | fhip down one of these
cards, all of you lose a ninute from your recess. (Sulzbacher & Houser. 1968, p. 88)

Baseline Contingency in effect Contingency
@ 20 removed
% 15
2
s
3 10} —
3 \
3 (
§ s =
z \‘ /
| 1 1’\1 \‘/M 1 £
y 5 10 15 20 25 30 35
Days

Source: From Sulzbacher, S. 1, & Houser, J. E. (1968). A tactic to eliminate disruptive behaviors in the
clasroom: Group contingent consequences. American Journal of Mental Deficiency, 73, 88--90)
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of effiect, the change in behavior should be gradua} _and. should occur only after the pun.
ishments are administered. According to the cognitive mterpretation of the law of effec
students use the information presented to build 2 mental model of the situation, g
allows them to change their behavior. As you can sec, the results are most consisten; with
the cogmitive rather than the behaviorist interpretation. Second, note that the suppression
of the lilsmpuve behavior is short-lived. Once the contingencies are removed, the disrup-
tive behavior seems to return to its former strength. Thus, punishment was not very eff.

tive in permanently changing behavior.

he middle portion of
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naughty finger fell to fewert

class that the recess po
Figure 7-6, during the
increased. By the 9th day, the rate W

Token Economies Token economies are another application of reinforcement theory to
a classroom situation. In a token economy, students are given tokens (e.g., check marks
by their names on a blackboard) for appropriate behaviors, and these tokens can be
traded in for prizes or privileges. Alternatively, tokens can be given for inappropriat
behaviors. and these tokens are later exchanged for various levels of punishment. The
frst step 1s to describe clearly the behavior to be changed. For example, suppose 2
teacher wishes to reduce the amount of disruptive behavior in a classroom. For purposes
of our example, lets define disruptive behavior as any one of the following behaviors
\l,\' motor behaviors (e.g., walking around the room), (2) aggressive behaviors (eg.
hitting or kicking another person), (3) disturbing someone else’s property (e.g., grabbing
another persons book or tearing another person’s paper), (4) making noise (¢
Starmping *‘;'&“}‘r clapping hands), (5) verbalizations (e.g., blur;ing out answers or talking
Ol 3 ; y . s
;nl;‘:::;mit u\i ;ll)l‘i éé?l;;r‘xngi‘;r\o;ﬁd (e.g., _lookmg to the rear qf the class when _lhe [eaChe,r 1
lessom) (O] eare R, clappropriate tasks (e.g., drawing a picture during a spelli®
tesson) (O'Leary, Becker, Evans, & Saudargas, 1969). Th " is to find 2
contingent stmulus that will serve as an effe, i ; ahienhays i whe
ctive reinforcer for the children
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: g : and Murphy s of reva™
tor classroom management: Sl i

.:n‘ ial rewards (e g | smiles, praise, or hugs)
Material rewards \e.8., stickers, stars, and awards)
Y S

] ?]‘Cli( e.g ick arks on a hdl Ila can be
LORCNS B U(.i\f’lS p'lSS("S (
: & » . ) or ChCCk < >
T dcemed {for \‘;lltlt‘d Pnzes or [)Ii\’l'lt?gn] )k o e
& €S

R R

For our example, Jegs rely

-
1307

N on [Okens % . ea\]\'t’f
" 110 10 points afier each 30 Inour classroom token economy, child ®

A T . J-mi > 1o :
noon. The poings (or tokens) ar nute lesson for each of four lessons on e‘qd}. o
redemption days, the child ca ¢ Placed in a smal) booklet on each child 4¢3 ot

SEaa e can trade ; ‘
I prize, 35 points for a lcve‘lmzlmqe N points for prizes, such as 25 points i ﬂ[ the
Pnze, and s ) - lemen
, © on. The third step is to 1MP*



FAGURE 7~7
Percentage of
Ssruptive behaviors
per day during the
#ernoon in a

program clearly and cq

nsistent}
the teacher could write

y. The rul
the fOHowing i €S are ma

de clear 1o th

e student.
£s on the blackbonrd, udent. For example,

effect during short structureq aftern ln ad'dl'[ o, the teacher pus the token system into
: Oon activities, such as spelling or science lessons in
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ate behaviors. Threats such as “If you're not quiet by
;nands such as “Sit in your seat” have been eliminated.
. Simtiar 1o a token economy program for second graders
t?::fh‘:fidceﬁé?elliyssetvueiles?uzz O’Leary et al. (1969). In a classroom qf 21 students, .[he
; nts who tended to frequently produce disruptive behaviors
such as those previously described. As part of the study, observers noted whether each of
the seven children was engaged in appropriate or disruptive behavior during various
20-second periods throughout the school day. Figure 7-7 shows the percentage of time
that the seven children were engaged in disruptive behaviors at different points in the
study. First, there was a baseline period during which no changes were made in the class-
room. The children were disruptive on more than half of the observations made. A few

priate behaviors and ignores inappropri
the time I count to three . . " and com
The example just outlined is simj
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FIGURE 7-8
Percentage of
disruptive behaviors
por day duning
mornings in a
second-grade
classroom

roduced the classroom rules and \yrotj:\ lfhemdon the boarg Thi
n)ﬂjor change in disTuptive behavior. A lew days later, th cl.a<f;

4 into easily identifiable 30-minute lessons Sty
ys later, the reacher began a policy of Praising app:t

¢ behavior during the afternoon. The regy), i

davs later, the teacher int
step did not result in any
roormn afternoon structure was C_h;mg,e
had no major impact either. A ig‘w da_
priate behavior and ignoring ghﬁﬁ:

.t increase in disruptive benavivt.
nh\;?:x:.!ulil‘\‘: : ;rt\'\d:vs L\}tcr, the teacher began the toker;l ch:tz:sgr;)r/l szzg;im of presemirl
points to each child afier each of four 30-minute lessons eac ] gure 7-7 g,

: : $
i ic reduction of disruptiy !

the token economy procedure resulted in a dramatu. red uptive beh"mﬁr,
Then the token system was stopped. Disruptive gl

behavior returned almost to it org
haseline level. However, when the token economy was reestabhshed, dlsmpuve beham'_UF
fell again. Finally, during a follow-up period, the

teacher stopped giving tokens by ¢y,
tinued using rules, structured lessons, and praise. In addition, the teacher. gave stars for goog
behavior—with each day beginning with a clean walll chart for each child S stars. The fing
panel of Figure 7-7 shows that disruptive behavior mcreaseg but was still maintaineg 4
well below the baseline level. These results support the cognitive theory because behay;
changed immediately.

The preceding discussion is based only on performance during the afternoon (ie, it
tme when the token economy was in effect). During the morning, no token economy wa
ever in effect. Did the reduction in disruptive behavior during the afternoon transfer o the
morning? Figure 7-8 summarizes the percentage of disruptive behavior during the momng
for each phase of the study. As you can see, the token economy procedure did not caus:
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change
ldren were able to discrimi-
resulted in rewards (i.e., after-
or did not result in rewards

noon) and conditions dy
(i.e., mornings).

In a subsequent st '
udy invol
were able to replicate 1ptive ninth gra i
ld' > [
many of the results of {he O‘Lea%y etc r:l‘ ?Z{F:)r(la;;]dtw:iumff\) ('WYIZ)
At study. As in the

O'Leary study, providj
» Providing stryct

St : ured less g
Ing in ; SOns and : : . Ay

g Inappropriate behavior haq only a sligh praising appropriate behavior while ignor-
tokens greatly reduced disruptive beh 1ght effect on reducing disruptive behavior. Use of
disruptive behavior. During a fin lef s withdrawal of tokens produced an increase in
but tokens were gradually thinn g Ollow-gp period, the token system was reestablished

ed out, leaving a contract system and teacher praise.

This follow-up proce
P sful in maintaining a relatively low level of disrup-

res involving the use of rewards and punishments

A B Yo have n classrooms (Schloss & Smith, 1998). However, it is
when such procedures work. From the examples reviewed in

this section '

i Fist. ’[}V:': SC;SIZEETelElﬁa[\?eS;ee:rlle L;:;i:agtenisms of a successful‘classmom token econ-
expected of them and what will hap yen if :h ’mb(*;'dnd' SITUCtFITﬂ MUd‘e S A
tend to use reward rather than pusishmentty FL ‘1"_6 A Bl e i
. For example, Bandura and Walters (1963)
fgund that when a model (e.g., a teacher) uses punishment on a child, the child is more
likely to use aggression as a way of controlling others. Madsen, Becker, and Thomas (1968)
found that verbal punishments (e.g., saying “Stop that!") tend to increase disruptive
behaviors. Similarly, ignoring disruptive behavior does not help to reduce it. However, a
time-out—such as having to sit for 3 minutes watching a sand timer—was effective in
reducing disruptions in a physical education class (White & Bailey, 1990). Third, the
systems are administered in a way that always allows for fairly rapid recognition of appro-
priate behavior. Students receive feedback within a few minutes of their behavior, and
prior inappropriate behavior cannot cancel out rewards for current appropriate behavior.
In the first example, feedback was given to the entire class; in the second example, feed-
back was given to each student separately. O\‘t‘!‘&lL_ classroom SATREeIET techniques
require that the students understand why they are ‘bt‘mg rewarded or punished, so more is
involved than simply dispensing rewards and _PU”‘Sh‘“."”‘S‘__' ey s
Is reward more effective than punishment in chapgmg disruptive cla»n.)om ehaviors:
or this question, Conyers et al. (2004) visited a preschool classroom consisting
To help answer this q : 30-minute baseline period, every 10 seconds they recorded
of 4- and S-year-olds- Durllng e o behavior—such as screaming, crying, throwing objects,
whether they tiserved 2 dxsruptl\é tto‘ comply with a [eachcr's-requesl. On average, there
using objects as weapons, Of rer_Smgd ho 64% of the 10-second intervals in the baseline
was at least one distuptive behavior GUTS oken economy by putting up a

period. Then, starting o0 day

» 11. the teachers instituted a t ‘
to each childs name. Srudents were told that they would get a prize
board with 15 stars next 1ot
(such as a choice among jelly

O\ 1 P ATa -
beans, chocolate, or Gummi Bears®) if they had 12 stars by
eans, olate,
Ty e Aaarad-15
the end of the session (which laste

nutes). Students were shown that a timer was
werv time they engaged in disruptive
hat they would lose one star every time they eng *; S wphxd
> t: 7 Je > rorang. students wno ne
started, and were fole & t for about 1 minute and w hen the timer rang slx de Ittt
‘ o s get O 4 o F st a star and were told whe
otlr S L Wa}ib} jors were shown that they had lost a star
¥ . I ehnavic iy 3 : { t
engaged in disruptive o was set again, anc
1h§y' iad done m!:mg, Then the timer was Set &5

ri ’hi
ng which appropriate behayi

vIng six dispy

he process was repeated for a total
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FIGURE 7-9
Percentage of
10-second
intervats with
disruptive
behaviors during
the baseline,
treatment, and
extinction periods
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of 15 minutes. At the end of the session, children who had 12 stars coulq gt &
treatment is a form of punishment called response cost in which students loge , S[E:fze, Thi
disruptive behavior they produce. On the next day, students were shown , Boasd OF egqy
spaces next to each childs name, and were told they would get a star added fo; each“'lth Is
in which they produced no disruptive behaviors. The timer was set for aboy; | i Erig
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: : : Prize,
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: Ich the,
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" : o : o y:
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Figure 7-9 show
the baseline, treatm

iors was high durin
days in which resp.
that both reward a

On the surface,
Responses are we
and responses are
Let’s look at two

s the
; percthage of 10-second Intervals wig
nt, and extinction periods

8 the baseline period and w
ONSe cost was used and day,
nd punishmen, were effect
you might conclude tha

h disruptive behaviors during
AS you can see, the rate of disruptive behav-
as low during the treatment period—both for
s m which reward was used. Overall, it appears
ive in decre:t:ing disruptive behavior.

akened when they-ane 1:6‘]2;:\/ (lnfe[fccl works_as Thorndike proposed:
strengthen wher rewarg de C‘C (Such as losing a star for shouting)
aspects of the data 3 o] e gsuch as gaining a star for talking quietly).
days of the treatment (when o i ¢ more closely—what happens on the first few

extinction period. Accordi ngencies are in effect) and what happens during the
ing should be raldual d 18 o the behaviorist interpretation of the law of effect, the learn-
g uring the treatment period because responses are strengthened or

e o e o ey e o o,

; : ays that the treatments are in effect, suggesting that
students can adjust their behavior based on their understanding of the new classroom
rules_. Th‘§ pattern of a rapid decline in disruptive behavior is more consistent with the
cognitive interpretation of the law of effect, in which people change their behavior based
on their interpretation of the situation. In addition. during the extinction period, the rate
of disruptive behavior immediately shoots back up 1o somewhat high levels. Again, this ;
pattern is not consistent with the behaviorist interpretation of the law of effect and is more 4
consistent with the cognitive interpretation of the law of effect.

IMPLICATIONS OF RESEARCH ON CLASSROOM MANAGEMENT ‘ '.

The limitations of classroom management systems are clear from the preceding examples. 1t o
is difficult to establish a program that works (i.e., a program that eventually can end the con- | o
stant use of material rewards and punishments). Students may come to rely heavily on exter- | A

as a guide to how they should behave; instead, a goal of many '
Ip children develop intrinsic or self-motivated m;!h— ;
ods of behavior control. When the goal 1s to promote lmnsler——th;‘u i, mfn}mujigl: p:?l:l:s

ive ch in behavior that will last—classroom management tcgbmquc:f shou .'t" _%t l\
mfe 5 a':_ges tli?al is used by the learner to understand how the classroom community works.
information ¢ )

nal rewards and punishments
classroom management systems is to he

Affect Classroom Activities?
D FOR CLASSROOM ACTIVITIES

rudents to engage n certain learning activities such 7 ;
students BB i g .
A .;miﬂhlfm‘\\’m'd approach based on the law of | %
A SUidls
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icipating 1 . tareeted activities. 1f a teache
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o> ‘) 2 )e [O O > Y 7} ¢ A . o u»cn[ a E‘L o : waig ;
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v it ot s s student 10 dr% et hiforward application of the law |
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BEHAVIORIST VERSUS COGNITIVE THEORIES OF REWARD ‘

i anagement. However, 10 effeqi... §
There are many how-10 books for classroom MAnag SR et - 3
There are many portant to understand the theop,

techniques discussed in these b(wgks, it lsi“_‘”f i
forcers (c.g., tokens) affect behavior. In this che >

pter, we explore two kinds
: .« and cognitive theories. Behavionst thegri..
reinlorcement—hehaviorist theories and cogniit Tie

7 1 F a¥flan 1 $ . E
TG > law ©Of eliect, namekhy b s
on Thorndike’s and Skinner’s interpretations o ‘hﬂ J; \‘" S the ig
e ! 4 s § \-! NCEY 2 r\Sv\l\'S‘: \5".}“ P
reinforcer (such as a token) serves to stamp in {ret 11: rce’t a respon Ch as 3
e : b o atimulus (such as the classroom environment
behavior) and its link with a stimulus (s

slast i agis ically increased each time the o
of the stimulus-response association 13 automatically 1 creased each time the gy,
dUt’Q not rcquu‘c ;]C[i\‘g‘ awareness or mie ‘YP‘ elation 1‘”\ the b L

X SN <o
retation of th

reinforced; the process sikeinray
In contrast, cognitive theories are based on a.n‘a ternatiy c, { :?‘

namely, the idea that the learner actively thinks “_b“‘“‘ ana f““ Tpr :
relation to the learner’s response. Thus, feedback in cogmuive theory serves as ini, i

. s £ 5 ey ino
that the learner uses 1 building a plan for responding

RESEARCH ON HIDDEN COSTS OF REWARD

Hidden Costs of Contingency Contracting Lets examine what these mwo oo
predict in a simple reward situation. Suppose we observe a preschool 10 see how & 5
spend their free time. We find that many of the children spend a larg
time in a drawing activity—using colored marking pens and large st
Lets take those children who like to spend free time drawing and assi T

b}

Ke a continge

three groups. In the expected reward condition, we will ma
each child: The child agrees 10 produce some drawings in ex change for an &
(ie., a certificate with a gold seal and ribbon). In the unexpected reward ¢
contract is made, but the child is given the same reward (i e.. a certificate’
some pictures. However, the child does not know in advance that a rewand will & o
for drawing. Finally, in the no-reward condition, the child does not receive a rewad i
certificate) for engaging in the drawing activity.

To see how rewards affect behavior, lets examine how our preschoolers spend ther I
time after the rewards are given. Lets come back to the preschool a week or two e &
observe the percentage of free time spent in drawing. What do the behaviorist and ooz
theories predict? The behaviorist theory would predict that children in the expected R

A RELE
condition and the unexpected reward condition should spend more free time ¢

they were rewarded for drawing In contrast, the cognitive theory predicts that the &

reward condition children will spend less time d!".l\\“t‘:xg than children in the ather e 807 §
One cognitive theory—called overjustification ‘\LL‘P}\‘r}\* Greene, 1978)—states tha <™ ¥
dren are interpreting or Justifying their own behavior and extrinsic rewards. 1f @ child o
in a behavior, that behavior mug be justified by th : :

expecung to receive a reward « PR . o N IR
I b ¢ a reward (no reward and unexpected reward condizons? ¢! g

e child. Thus, children whe do¥

behavior by saying they draw because the3 ke 1 dras: 1 ctrras. children whe B9
the expectation of receiving 3 certificate (expected rey ;z‘i i BrionY fan sl A9
sayi:}g they draw because they get something for it \\:ht.f,\' \‘; 3 et 0
justibication for engaging in the dm\\'ing heh !iiur 1\-‘ ¥ :zi “f“. a,u\s u‘

In a classic study, l"PPC!’. R S reduded for these chilkirn s

Greene, and Nig Yy b, R
. & » ST IS0t (1973) carried out the ity
described. Figure 7-10 summarizes e s

the pereentage of free time spent
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Adapted from Lepper, M. R, Greene, D, & Nish i j intrinsi :
, ML R, , U, ett, R E. (1973). Under, / :
external rewards: A test of the overyustification e T e el

hypothesis. ) i ;
129-137 ¥p 1. Journal of Personality and Social Psychology, 28

activity for children who had experienced the three treatment conditions. As you can see,
the results conflict with the behaviorist theory, which states that the two rewarded groups
should behave similarly—but is consistent with the cognitive theory, which states that
children in the expected reward condition (or expected award condition) should spend
less time drawing than children in the other groups. Apparently, when children are
rewarded for engaging in a behavior that is already interesting to them, the effect can be to
diminish their intrinsic motivation for engaging in that behavior. Lepper and Greene
(1975) refer to this process as “turning play into work.

Hidden Costs of Token Economies This research shows that there can be some “hidden
ts of reward” (Lepper & Greene 1978). Based on their findings, Lepper et al. (1973)
costs 0 : SHE )
end caution in using token economies, especially when rewards are given out for
recomm :

behaviors that are already intrinsically satisfying to children:

1ded by some thoughtful proponents of token economies that
I £

ady be mme _ =
At et ss powerful techmques have been trie d and

their use be limited to circumstanc
— her words only when t
foutel Tadey N e i {rd ‘f m‘undc\:rmb]e consec
; ea] evidence of < uetice 31 e
.s some empirical ; ULt o Aresrerion i thiedt
P } rds, supporting the case for the exercise ¢ C
[ extri rewards, £
use of extrinsic rew

s in which le
hev are necessary . .. The present study

juence of the unnecessary

application. (p. 136)
d Lepper (1976) obt
en rewards

- which were already . T
e of whic \d spend their math time as they wished.

warded activities than did a control

ained similar results in a classroom token economy.
i ! ~ertain math activities (such
for spending time on certain M

Greene, Sternberg, an
‘ interesting to the students. Once

. rere giv
Fourth and fifth graders Were )g .
as Clraling et S ded, students cou
the reward phase of the study ended,

; qouslv re
:me with the previoust
.nd less time Wi
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. In most cases, students who had been rewarded for Chy,
i |n than half as much time on those activie & BAgin,
L 1e5S o X il . i fin 1
¢ baseline phase. Again, the hidden ¢ of ot

group that received no
in certain math actvities sp

.

il moiee 1155}“‘)’ 'hac:riL:‘nus:Lni:'f:icvatic.)n for rewarded activities. Simily, rcsuh,‘:'d"f
> rop in students 1 - oene 5), and Deci (19 =
E;Z:nb;l;a(ilneg by Ross (1975), Lepper and (men(t] ; lg‘iz )h)),udnd i i c‘:‘/l ﬁ i -

In a review of research, Cameron ;m(] Pierce o ampe e as CONSisty,
with the resulis of Lepper et al. (1973): AcmSﬂS ),, -Ltn t‘;l'mh nc;t;rewardc:j Who "ECelyeg
expected rewards averaged lower e mu;“.‘fti(imc o‘n the ra'wardéd t 511?%““"*5:
indicated by spending less of their subsequent Iree ask. Camey,,

angible rewards produce a decrease i i,
hen they are given to individuals e
iy W

-scale review of research, Deci, ke,

typically decrease intrinsic moyjyy,

and Pierce (1994) conclude: “Expected t
motivation as measured by free time on task w
engaging in the task” (p. 394). In another Iargﬁ’-
and Ryan (1999) found that “tangible rewards . . . s Badivks €
for interesting activities” (pp. 658-659). In examining pre vmps {Ings, Cameron, Bgpy,
and Pierce (2001) concluded that “negative effects are found for high-interest tacks Whep
rewards are tangible, expected (offered i)eforchand), and IOUf_SQIYIUE’d to level of perfy, :
mance” (p. 1), all conditions that were present in Lepper, et. al’s ongmgl s;ud)’

These analyses should not be taken to mean that reward ZﬂWﬂ)’? hurts ”"mnsm motivation
For example, in a recent review, Cameron and Pierce (2002) pl’O\‘ldt" consistent evidence thy
giving rewards does not decrease intrinsic motivation in some situations, including when .
reward is not expected or when rewards are offered for successful performance rather thy
participation. Sometimes, offering rewards for high task performance can even incress
intrinsic motivation (Cameron & Pierce, 2002; Eisenberg, Pierce, & Cameron, 19
Instead of asking whether rewards increase or decrease intrinsic motivation, researchers i
now secking to understand the conditions under which rewards can affect intrinsic mots
tion (Cameron & Pierce, 2002; Eisenberg et al. 1999; Lepper, Keavney, & Drake, 199
Pintrich & Schunk, 1996).

What does this rescarch on rewards tell us about teaching for meaningful learning’ 4=
important way to promote teaching for meaningful learning is to instill a sense of mntrns
motivation that propels the learner when confronted with new academic tasks. Resear
on reward shows us that there are serious limitations in the classic view of rewards as wass
of strengthening specific behaviors. Instead, this line of research shows that rewards (@<
punishments) constitute information that is interpreted by the learner. These interpret*
tions affect the nature of what is learned and t )

n

herefore the potential for transfer
For example, when a child receives an expected rewarded for doing something he &
she already likes to do, the childs interpretation of the reward may be. “I really do not i

doing this after all.” The result can be a decrease in motivation to perform the sk and B
hence an ”“P"d_imi‘m to transfer, As another example, when a child receives an ¥
pected reward for doing something he or she likes to do the child mav interpret ¥
reward to mean ”l. really like doing this, and | get recogmze’d for it.” The result can B¢ ¥
increase in intrinsic motivation, or - e §

for transfer. Finally, when a child isa[r ,le'tm e decreas¢, hence no negative Lnn\au: ]

R : ewarded for achieving a challenging goal. the &
may interpret the reward as “I was able 1o do something that was hard, and the €
thinks I'm good at it.” The result can be an increése mn in{grins‘ic n;ontwauo;n. which e

the potential for transfer, In <
S n short, rewar. Is i ; el
o ? ds don't affect Je e learners i
tatton of rewards does. Simllurly. getti £ kammg, g e ]

oY 1 not 7
failure but rather as 2 challenge

Mg a wrong answer should be interpreted ol
) ’ p 3 v DIT il
Lo try harder, When the instructional goal is W}
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[ran.sfel, special consideration must he given ¢ he

unis A 3
p enlS) mn Wa S tha[ m(_‘rease a[hel‘ [han i l
hm y I dec

IMPLICATIONS OF RESEARCH 0

The instructional prescription “yse

in light of re . .

£ ‘8 : .search on the hidden costs of rewards, Indiscriimi ;
orce all desired behaviors can backfire. Studente < nuiscriminate use of rewards to rein-
that they already enjoy doing. For ey - >tudents should not be rewarded for doing things
neously does so, it would nol' | r example, if a studeny enjoys reading novels and sponta-
which the student receives : \Afays be APPropriate to enter into a contingency contract in
Similarly, in many cases Whpnzes i reading and feporting on a certain number of books.
e dbihitis ok devd e ,er? rewa-rds are used, the ultimate goal should be to encourage

OP Intrinsic motivation. Motivation is explored in Chapter 14.

ping the learner interpret rewards (and
Te€ase intrinsic motivation.

N THE HIDDEN COSTS OF REWARD

0sit T SR
Positive reinforcement” i one that needs to be applied

How Does Feedback Affect Response Learning?
RESPONSE LEARNING IN THE CLASSROOM

Another major instructional application of Thorndike’s work has been an emphasis on drill
and practice with feedback. For example, consider the following dialogue:

Teacuer:  How do you spell behavior?
STUDENT:  B-e-h-a-v-e-r.
TEACHER:  No, you have the first two syllables correct, but the last syllable
is misspelled.
STUDENT:  B-e-h-a-v-i-o-r.
TEACHER:  Right.
In this case, the teacher presents a question (1.e., a stimulus) and 1h%' student spells a wor‘d
(i.e., a response). If the response is correct, the teacher says “right,” and if the response is

wrong, the teacher says “no” and gives a hint.

BEHAVIORIST VERSUS COGNITIVE THEORIES
OF RESPONSE LEARNING

Let’s examine two contrasting interpret :

' 1 ¢ ‘ement interpretation,

ording to a reinforce sk : force

fom ahCC )t gassociation hetween the response and the stimulus, In the spelling
strengthen) the :

nforcer is “right,” and this serves Lo strengthen the student’s tendency to
example, the rein orcet 15 ( %bcha\riﬂl‘_ Feedback automatically stamps in the correct
emit the correct spelling ?T"s having to actively be aware that irz{rmng is taking place. g
response without the ]m.‘rl]t"[i\,; i[1€('r']11'tl£1lli‘l1~ feedback serves as information to the

Second, according to a u.)gnj‘ ¢ this information and use it as a key in generating

learner. The learner can ”““PIIL_ he feedback concerning the locaton of the error is
he spelling exampie, l.., «se in generating a better response. Feedback is
the learner unl L i¥s c}”tou depends on how the learner thinks
e how feedback affects learning centers on

ations of how feedback affects response learning.
feedback serves to reinforce (or

responses. In t
helpful information that el
actively interpreted by the lcmn)t\ .y concerning
about it. In summary, the controvers) ' ;
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“Does feedback serve as d 1-HEE==

ittt "
the question, tion that i5 interpreted by the learner?”

or does feedback serve as infor

RESEARCH ON RESPONSE LEARNING

Practice With and Without Feedback Early .work l;) T:ﬁ?cll:lkz IE : 953 1 c)1 clearly g,
strated that feedback improved response learning in fium b: 14y, suby :
3 ith a pencil and a large pad of paper. The subjects were asked tg close ..
seatecd a4 desk “.m e tinue trying to draw 4-inch lines. keeping .. .
eyes and draw a line 4 inches long and to con i ikl i o v . Ping the;,
eyes closed throughout. They were asked to perform this . ') ‘day until 3,099 line
had been drawn. The results of this tedious study were ¢ ear: Repetition of the Tespong,
3,000 times caused no learning. The performance of the subjects at the end of the Study yg
no better than the performance at the start of the §tud2'.' However, in another eXperimer,
Thorndike gave feedback after each line drawing; “right” if _tbe line was w1,[hm 8 Inch of i,
target length and “wrong” if it was not. Under these copdltlons, subjects [?erforrnance did
improve. After approximately 4,000 trials, performance increased from 13% correct ¢, 254
correct. Based on research studies like these, Thorndike concluded that practice alop;
would not promote learning but practice with feedback would. His argument was s,
compelling that it served to change school practices; instead of forcing students 1o practice
without feedback, schools began to make use of praise and reward as techniques for
increasing learning. Feedback was viewed as a way of reinforcing correct responses.

m(/,"i‘
€t Were

Quality of Feedback Subsequent research suggests that feedback may serve as informa-
tion rather than reinforcement. If feedback serves mainly as a reinforcer, then th
important aspect of feedback is to tell the learner whether the response was correct. If
feedback serves mainly as information that is actively interpreted by the learner, then
detailed feedback should be more effective than simple “right—wrong” feedback. An earls
study by Trowbridge and Cason (1932; reported in Adams, 1976) helped test these
predictions. Students were blindfolded and asked to draw one hundred 3-inch lines. Some
students were told “right” for each line within % inch of the target and “wrong” for all other
Lines (right-wrong feedback group): some students were told how many eighths of an inc:
too long or too short each line was (*how much” feedback group); some students received

no feedback (no-feedback group). As you can see in Figure 7-11, the no-feedback group
showed no improvement, thus ¢

2 inch. This result is also consistent ¥
right-wrong feedback aided learning. However. ¥
‘ hat the “how much” feedback group showed dramd
improvement from the start, ending up with an average error of less than & inch. Thus: %
group given detailed feedback learned more rapidly and more com 1ete1§' than the grov?
given only right-wrong feedback_ This study suggests that learners "z[;n use the informat®
in feedback to help revise their plans for how 1o enraie T s A_L : :.,-m’ 1o note ¥
the most useful information came On errors; in other WO?(;SS. sulgj:z;r:;kag how muct

- . ; s e 1 witi
earn from thejr mistakes. This result contic®

reinforced. In summary, th tarning occurs mainly when a correct 1597
: > these results are mogy consist i --as-informa®”
view rather than the feedback-as-reinf, ent with the feedback-as-!

Orcement view of response Jearning

Thorndike’s research showing that
main new result in Figure 7-1] is ¢
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Duration of Feedback Subsequent research also provides additional support for the
feedback-as-information view. For example, let’s consider what would happen if you
provided feedback for part of the time and then stopped giving feedback. If feedback
served mainly as reinforcement, then once the feedback is taken away we can expect
extinction (i.e., performance will deteriorate). If feedback serves as information that the
learner uses for building an internal plan or procedure, then once a correct plan is
learned, feedback is no longer needed. To test these conflicting predictions, Newell
(1974: described in Adams, 1976) gave subjects 75 tries at moving a lever 93 inches.
Some subjects received feedback after each try (all-trials feedback group); some subjects
received feedback after the first 52 tries but not the last 23 tries (52-trial feedback
group); some subjects received feedback on the ﬁrst 17 tries but not on the la-st 58 tr¥es
(17-trial feedback group); and some subjects received teedback after just the fs_rst _2 tries
(2-trial feedback group). Figure 712 shows that the group given :lefdback T all 7? t?-es :;n’d.
the group given feedback on 52 tries bpth Pﬁ‘rformed'ﬂbom e sayme. L Pl?ﬂrmf Y " ter

: ad acquired an internal procedure for how to generate internal
52 tries the subjects had acquite .o that external feedback was no longer
feedback concerning the appropriat

e response s ack :
Aol W cen away early in the learning (e.g., after 2 or
.n feedback was taken aw \
needed. However, when s
17 tries), performance deteriorated, as wou

Id be expected under extinction. Apparently,
enerating 1 al feedback, so they were lost

: had not yet developed a way of generating internal L} ek sotkiey el
Sty b k was taken away. These results suggest that “what is learned” as a
R ieecli\bac { always just the stamping in (reinforcement) of a response;
1ok 1 Ol ¢ ays A
result of feedback 1s I

rath litions 1d a cognitive pl;m that allows them to
ather ~onditions, .
t , under some €O

generate internal feedback.

Jearners can bui
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FIGURE 7-12
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withdrawal of
teadback early
versus late in motor
skilt learning
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Finally, growing evidence indicates that practice with feedback causes qualitative
difterences in what is learned (Anderson, 1993; Singley & Anderson, 1989). For example,a
childs computational skill goes through several stages rather than simply a series of
strengthening associations, As responses become automatized through practice with feed:
back, the learner is able o use those automatized procedures in more complicated tasks. In
summary, although feedback can be used to enhance response learning, the effective use of

feedback must be based on an understanding of how the learner interprets the information
in feedback. ;

IMPLICATIONS OF RESEARCH ON RESPONSE LEARNING

The research presented in this section highlights the crucial role that feedback plays™
response learning. However, the research indicates that feedback does not simply stamP ;.
(or reinforce) the response. Instead, students think about the feedback and use the feedback
as miormation to help them interpret their lem‘ning Thus }:1 h-acl l‘it fe.c dback is most
useful (i.e., learners need 1o be told specifically abnuf wha{ ’lh : qL(? Of 4 that is correct
incorrect rather than just be told “right” or “wrong”). F hey o Omgmuqlly studen™
may learn to give themselves feedback on el riaénil; til;r:O;%uf;Viea(,c}w'l.:provi
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How Does Feedback Affect skil| Learning?
SKILL LEARNING IN THE CLASSROOM

Skill learning involves

| learning how
processor is an example of skil| learnin

ning a word processor. On the scree
of the page with some
brief summary of wha

to do something; so learning how (o use a word
g Suppose you are sitting at a computer that is run-
i 1l you see a page of text, but you also have 4 printout
corrections that need (o be made, as shown in Figure 7-13. Write a
Lyou would do for each correction, but write it as a set of rules that

'Q QO 2 1 > 5 3 3
you cc uld pr!‘am 10 someone else. Which of the following best corresponds to how yous
explained the first correction?

to carry out the first correction, press the up arrow key 17 times and press the back

arrow key 65 times and then press the keys n-o-t-space-0-n-l-y-space-w-i-1-l-space-
t-h-e-space-u-n-i-t-space-n-o-d -€-S-space-1-n-space-1-h-¢-s--space-1-r-a-c-¢-5

~—— to carry out the first correction, move the cursor to the first space in the first line
and type in “not only will the unit nodes in these traces”

-when you want to insert text, move the cursor to where the text should be inserted

and type in the inserted text

Which of the following best corresponds to how you explained the last correction?

to carry out the last correction, press the down arrow key one time, press the rnight

arrow key 51 times, press the delete key 11 times, press the keys t-a-r-g-¢-1

¢ ;: i . i 1o select the word “illustrates’ £
last correction, move the cursor to select the word “illust Py

to carry out the !
press delete, then type “target

} r) CX ' > 1€X O . f.‘p[‘t( (! dﬂd l\-’P m ”‘i(,‘
‘\]l 4 van ) ILICL l(.‘)\[‘ i“gllhl“ i [}iﬁ, text i h( 1Ce /' »
' NE 1 ou wa t l( I ¢

new text ; ;
s. then you pruhab!\' checked the first answer (or even the

f scific behavior ; neral 'S
If you focus on SpLLth[b;f these questions, but if you focus on more generai prind iples of
second answer) for each . checked the third answer.
word processing, you probably checked the

HEORIES OF SKILL LEARNING
US COGNITIVE T
BEHAVIORIST VERS Tt

) skill learning car learning involves adding specitic responses (o
i . er view. 12ar B g 4 maipe T
iwh;n‘lh‘”ﬁl;\‘:“1 dd appropriate responses. Fhis

&« secied 10
back 1s necd : I
f enecific transit SR R
e theory of spect! According 1o the cogniive view, learning
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FIGURE 7-13 S O RTINS e
A word processing

laak races

will the unit nodes in these t

ot e put also

qacciue strength with days of practice,

i

the element nodes will accrue strength. As wil
be seen, this power function prediction

corresponds o the data about practice. A set of

experiments was conducted t(z gsst the prediction
about a power-law increase in4strength with
axtensive practice. In one experiment subjects
studied subject-verb-object sentences of the form
(Thée lawyer hated the doctor). After studying

these sentences they were transferred to a

; y
7
sentence recognition paradigm in which they had to
discriminate these sentences from foil by-the-rrine-
target
sentences made of the same words as theAuluska&ee
sentence but in new combinations. There were 25 days of

tests and hence practice. Each day subjects were tested

on each sentence 12 times (in one group) or 24

times in the other group. There was no difference

Source: Repinted with permission of the publisher from The transfer of cognitive skill by Mark K. Singley &%
John R. Anderson, p. 73, Cambridge, Mass.: Harvard University Press, Copyright © 1989 by the Presien
and Fellows of Harvard College.

build broad rules or procedures. This view is consistent with the theory of specific ransict
of general principles in which transfer occurs when a principle or stre;tegv learned in 0%
situation can be applied to a new situation. i

RESEARCH ON SKILL LEARNING |

Suppose we find a group of people w
word processor. {It was ¢
Alter explaining the com

rer used?
ho know how to type but who have 1€t e B

ACTEY g x4 ", a\
asier 1o find such people in the 1980s than it would be :0; i
3 houl> =

mands for the word processor, we give our students
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FIGURE 7-14
Average time 0
make a correction
across 4 days for
0 groups

day
processor that has differen; . ¥S. but on the Jag; 2 day
When Singley and Ange
r
looking for transfer: f skil ed this study, they essentially were
should outperform G g specific behaviors, Group AAAA
sequences Sf key Pressr»eo: I:rf ift:ti 0(; {daY; ot The e the fuie difjgren!
e > i Y -
sors. If skill learning involves buildir(l);l T R DR ag A wend pluces

enerz gies g
about the same on day general strategies, both groups should perform

s 3and 4. The ratio ‘ 7
. . : : nale 1s that both groups received practice in the
same kinds of solution strategies, with only 1} e i

Figure 7-14 sh 1€ specitic commands being different.

Eu shows the average time (in seconds) to carry out a correction for the two
groups On_each of the 4 days of learning, As you can see, Group AAAA showed a pattern of
skill learning in which the

time needed to carry out a correction decreased across the four
days. Importantly, Group BBAA showed the same pattern of skill learning even though

students had to switch word processors. In short, Group BBAA showed a high level of
transfer from one word processor to another

stone (Group BBAA).

olves acquirin

Why was there high positive transfer? According to Anderson (1993), both groups
learned general strategies or rules rather than solely specific behaviors. Similar to the
theory of specific transfer of general principles described in Chapter 1, transfer is
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al strategies rather than specific behavmrs .
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the word processors had
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| rules (such as how 10 insert text or how to replace tex)

{e that “the very high lev"el of positive transfer
at shared lew commands remforce§ the position th .

that Thorndike advocated are inadequate” ang Dt i
ation of elements” (p- 112). According (o this g
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cial identical elements of the type
an abstract represent
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IMPLICATIONS OF RESEARCH ON SKILL LEARNING

cearch on motor skill learning, Anderson and his ¢

€a
f cognitive skill learning. Bues

Building on earlier re
(Anderson, 1903, 2005) offer a three-stage theory 0

The learner works from instructions and represents the steps in the skill
called declarative knowledge. For example, in legr,.
might tell yourself, “Second is directly

Cognitive stage.
as verbal statements—which can be
ing to drive using a manual transmission, you
below first.”

Associative stage. The learner begins to be able to carry out a procedure more easily with.
out needing to verbalize each siep. The new skill is changed from declarative knowl-
edge (i.e., factual statements) into procedural knowledge (i.e., a sort of mental program)
For example, at this stage of learning to use a manual transmission, you might be able
to shift gears without having to verbalize what you are doing.

Autonomous stage. The learner is able to carry out the skill rapidly and errorlessly with-
out paying attention to it. The learner may even be unable to verbally describe the
skill, such as not being able to tell someone how to tie his or her shoes.

What is learned that can be transferred from one skill to another? At first, in the
cognitive stage, the learner acquires factual statements such as “The backward arrow key is
in the lower right corner of keyboard.” Next, in the associative stage, the unit becomesa
collection of productions (Anderson, 1993), that is, IF-THEN pairs such as “If you want 0
move the cursor one space back, press the backward arrow key.” Through practice, leam-
ers consolidate knowledge by collapsing several specific procedures into a single one. For
example, the actions in erasing a letter may become one production: “If you want 10 e
a letter, move the cursor to the right of the letter and press the delete key.” Finally, in the
autonomous stage, the learner may create more generalizable productions by combinié
specific productions into a more general one. For example, the many specific procedures
for replacing various texts can be generalized into a general production: “If you want 0
replace text, h;glllﬂllghl the to-be-replaced text with the cursor and type in the new rext” B8
you can see, skill learning involves buildi - . ; ¢
transferable—beginnin : ith esfbulldlng units of knowledge that are increasing!y ™"

AllSIicCre ey : W S ‘e . [ ()
ot b e SR pecific verbal statements that change to specific procedu”
then change to more general procedures. Thus. th i ing is ©
help stude ] : s, the key to transfer of skill learning ™’
1elp students build general procedures. And : 2003
S0 e : : - Anderson and his colleagues (Anderson,
developed computer tutoring systems for skills ranoine . iti roo's!
writing computer programs. In cach c S ranging from writing geometry P ing
; 1S N €ach case, teaching for transfer is accomplished by 8"

students practice in solving pr
problems and providj i ing them P
generalized solution procedures. providing feedback aimed at helping th
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| How Does Deliberate Practi
;Ikill Learning? IcE Affect Complex

DELIBERATE PRACTICE IN THE CLASSROOM AND BEYOND

What is the best way to help someone master a skill, such as becoming an expert pianist,
an outstanding baseball player, or a top-notch writer? According to Ericsson (2003a,
2003}3)_1 the answer is what he calls deliberate practice—continually practicing a skill at
increasingly more challenging levels of performance with the intention to master it.
Ericsson (2003b) describes the process of deliberate practice as follows:

The acquisition of expert performance extends over years and even decades, but
improvement of performance is not an automatic consequence of additional experience.
Merely performing the same activities repeatedly on a regular daily schedule will not lead to
further change once a physiological and cognitive adapléuon to the current demands have
been achieved. The principal challenge for attaining expert performance is that further improve-
ments require continuously increased challenges that raise performance beyond its current level. The
engagement in these selected activities designed to improve one’s current performance 1s
referred to as deliberate practice. Given that these practice activities are to be outside the
aspiring experts’ current performance, these activities create mistakes and failures in spite of
the performers’ full concentration and effort—at least when practice on a new training task 1s
initiated. (p. 116)

In short, according to Ericsson’s theory of deliberate practice, the development of expert
performance in a domain depends on the quality and quantity of practice. Concerning
quality of practice, learners need situations in which they obtain detailed feedback and
encouragement, especially following failures on challenging tasks. Concerning quantity
of practice, learners need to spend a great deal of time, with consensus estimates that 1t
takes 10 years of sustained practice to become an expert m a field (Ericsson, 2001a;

Simon, 1980).

BEHAVIORIST VERSUS COGNITIVE THEORIES
OF DELIBERATE PRACTICE

Why would deliberate practice foster learning? If you are a proponent of the law of etfect—
psychology’s first principle of learning—you could say that practice is an indispensable
ingredient in learning. According to the behaviorist interpretation of the law of effect,
practice works because 1t provides opportunities for the learner to produce responses and
receive rewards or punishments. The rewarded responses are strengthened and the
punished responses are weakened. Becoming an expert involves accumulfumg a very large
repertoire of correct responses, and practice with feedback is the vehicle for achieving that
accumulation. An implication is that students learn best when they are rewarded for giving
a correct response, because in this way the assoc‘iauion bctwe@ the situation and the right
response is strengthened. In short, it 1s best to give students snmple questions that require
a single response that they usually can answer correctly. A primary instructional method
based on this view is recitation—in which a st udent answers a simple question and receives
feedback on whether the answer was correct. For example, when you create flash cards to
help you memorize the definitions of key terms, you are using a recitation method.
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when a pianist practices on increasingly more challenging pieces over the years, he or gh,
is engaging in a form of deliberate practice. : : -
If the cognitive interpretation of the law the effect 1s vah(d, then it may be W9r1h\Vhilc o
shift our focus from recitation methods to deliberate practice. In the next sections, I focys
on the effectiveness of deliberate practice as a way of learning to become an expert in

domain.
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1e goal is to master a d
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ball player, or writerf 1ims 15 7
in. According to the cognitve wnter
build cognitive representations=1

RESEARCH ON DELIBERATE PRACTICE

Does deliberate practice work? Lets look a simple example—trying to improve your digi
span through practice. In a digit span task, 1 read you a list of digits—one per second—
and then ask you to repeat them in order. Your digit span is the longest list you can repea
without making an error. For example, read the following list aloud, and then try to wit
down the digits in order (without looking at this page):

8352764933

If you are like most people, you made mistakes in writing down the numbers. In fact, ina
typical study the digit span of college students was about 7—that is, they could repeata
list of seven digits without error but they made errors on longer lists (Cf{ase & Ericsson.
1982; Ericsson, Chase, & Faloon, 1980). Let’s see what happens when the students pra¢
tice on increasingly more complex strategies for increasing their digit span. For example,2
simple beginning strategy is chunking, in which a list of 10 single digits is converted in®
e siaunks Sach s 835.276.9003, Alfter practicing 1 hour per da '%o; 50 davs, students
improved their digit span to over 20 digits, and after 240 davspslude)ms wére ub t‘o over 8
digits. Although you may not be excited about spendin 246 d A ticing how to mer”
orize digit lists, this classic research demonstrates thqr_gde]ibe:ﬁz }:;;a;:;jt }:"m work. The
teatures of practice in this successful training included learning to use increasingly mo%

complex strategies for increasingly ¢ i I
: asmgly longer i ing high-qual®
i 8ly longer lists, making errors, and getting high-qU
Lets consider another i
el’s cons ] er domain—becomi il
2 e Olnlng‘ an ac I 2 S ' giart W
young children—beginni s ait accomplished musician. Lets st
what i the 1]»;-{] beginning at about age 6~—~who shoa an interest in music, 404 %
4 e > A1 crence - OO i : > A 2
wh f¢ dillerence between these who end up in leptt - <chool as teends®™
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1 ted
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researchers in England (Davidson, Howe, Moore, & Sloboda, 1996; Howe and
Davidson, 2003; Sloboda, Davidson, Howe, & Moore, 1996) interviewed 257 higher
performing and lower performing music students to determine factors that may have led
to their current level of musical expertise. The students had all been recognized for
musical talent, had begun studying music at about age 6, and were teenagers at the time
of the interview. First, the higher performing group reported more parental encourage-
ment and support in their music lessons throughout elementary school. That is, “the
most successful children had parents who were most involved in lessons and practice in
the earliest stages of learning” (Davidson et al., 1996, p. 399). Similarly, students in the
higher performing group were more likely to perceive their music teachers as being
warm and encouraging,

Second, the higher performing group reported spending more time practicing (€.2..
around 2 hours per day by age 12) compared to the lower performing group (e.g. 15
minutes per day). By age 12, the higher performing group averaged a total of 2,572 hours
of practice, compared with 439 hours for the lower performing group. Figure 7-15 shows

FIGURE 7-15
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minutes per 90
day did higher
and lower
performing 80
music students
practice when . _
they were > 70 - e Higher performing student |
starting to learn 2 |
music? g
8 60
©
£
Q 1
s 604 i
8 ]
E {
z t
]
s
g9 |
2 30 |
c |
= !
§ 20 Ll Lower performing students ;‘
10 - ? ‘
H
il
i
il
Years of playing instrument P
. et e !i

Adapted from Sloboda et al. (1996)-
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- . eenagers ; ; ; Sy i lapy
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quantity, higher pe s s
Other researchers have also found evic . o 5
learning. Ericsson (2001, 2003b) conducted case studies of expert musicians Who hyg

attained varying degrees of musical acclaim. The main fujdlﬂg W?? a “}Close relatigy
between the amount of deliberate practice accumulated during musicians developmem
and the level of attained music performance” (Ericsson, 2003b, p. 114). lmporlamly_
musicians who had reached elite status in the performance class at a musical conservaton
had spent over 10,000 hours of solitary practice by the age of?O. ' :

In a related study, music students were asked to keep a diary concerning their myg;
practice (Sloboda, et al., 1996). There was a strong positive correlation between amoyp of
deliberate practice and level of achievement on the British Associate Board examinatign
of musical performance. Howe, Davidson, and Sloboda (1998) report that “achieving the
highest level (grade 8) of the . . . examinations in performing music required an average of
approximately 3300 hours of practice irrespective of . . . ability group” (p. 450). It was the
amount of practice rather than the supposed ability of the music students that mos
strongly determined their level of musical performance on the exam.

Research on deliberate practice shows that the law of effect can work its wonders only
if students are committed to spending a lot of time practicing—in particular, practicing 2
increasingly more challenging levels. Why do some students spend so much more time
practicing than other students who appear to have equivalent talent? According to
review by Mayer (2003b)—for students with basic talent—positive early experiences,
adult encouragement, and noncognitive factors (such as temperament) can play an
important role in the learners willingness to €ngage in massive amounts of practict
which in turn contributes 1o the learner’s knowledge and ultimately the learners
performance.
might well ask yourself whe-ther the ¢ % ath_nS Retween pragtice aid i in

e s orrelation could be attributed to self-selection:
which students with high talent tend L0 practice more

u{mtro] .f?rl[}]ls’l Issue by comparing students whe began with seemingly equivalent I
o} Tnusical talent as young children by ended up displaying different lev¢® ¢

erformance as hi . ; e
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e experimental styd; erfoa®.
u ~ > DETIULL
dies that compare the p: roach

€Ceve extensive Practice with feedback This is 1h¢ 2Pf

1 tried 10
and to perform better. We tried

B Section It instruction




IMPLICATIONS OF RESEARCH ON DLz

m reviewing research on skj]] | E
sion that “high degrees of com
implications for Instruction

RATE PRACTICE

A
arning, Anderson and Schun
petence only come

s are clear: «
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: n (2000) came to the conclu-
through extensive practice” (p. 17). The

h-qual; Lol e
%mqualuy practice with immediate and personal-
o OFIS (Anderson, Corbett, Koedinger, & Pelletier
T\ :
Ngly more complex problems—such as writing

st i : ometr
receive immediate feedback explain; ¥ problems—and when they make an error they
plaining why it is an error. The computer has a model of the

knowledge needed 1o solve the proble

students solution moves off the 5 em and the appropriate solution paths. When a
instrugtion aimed at gelting the Stupdiﬁpéla-li path, the lu‘Lor provides short and focused
identifies “bugs” in the learners knowlea{t on thg solution path. In particular, the tutor
points out the needed changes. In this ﬁ:r(a; ‘d}‘SCU.SSQd -4 ,Chapm ) .and expiieity
consisting of short and directed error méssa )e, [ (:x éUlOT T e

Does providing practice with : g‘ s” (Anderson et al., 1995, p. 167).
college course in computer pro f:r::(:'mlu?d eEElc el en lemnis e
dents work on programming eicrcise;nii(;n‘a- 13‘2 gl(ljage e 'LISP) UL S
B el it ; 5 0.2 ‘_slan aT _LISP environment (control group)
by doing,” but the tutored z:giraiﬁ]ji%l)’lfbvllum '\’;’”}’1 ? i Bth Gy
explain each error. Anderson et aIT (1905)\ 1151-({“& £ el i C-uswmlzed 2

: ; - (1995) reported that students who received the tutor
lf;al'ned in 30% less time and scored 43% better (or 1 standard deviation higher) on a
final test than did students in the control group. Similarly, when a geometry tutor was
incorporated into a high school math class, student test scores increased by 14 points on
an 80-point test.

Consistent with a tenet of Thorndike’s law of effect, Anderson et al. (1995) offer the
strengthening principle: "It is assumed that both declarative and procedural knowledge
acquire strength with practice” (p. 169). However, consistent with the cognitive interpre-
tation rather than the behaviorist interpretation of the law of effect, practice works because
it allows the learner to receive feedback that can be used to repair faulty knowledge. The
effectiveness of Anderson et al.s tutors is based on allowing learners to make errors within
the context of solving authentic pmblcm-solwng tasks and providing them with immedi-
ate, focused, and concise feedback aimed at helping them repair errors in their knowledge.
In short, “tutors provide significant lcarf?ipg gains becq.use “they )h)e\lp guar‘;ntee that the
student is engaged in deliberate practice (Anderson & SCh%m“- .2(‘ 0% 7. 2“:1 vk

As another example, consider the development e e OORIE=

: : . ing malfunctions in mechanical and electronic d;nces. Lesgold
diagnosing and repairine ided troubleshooting {raining in aircraft repair using a
(2001; Gott & Lesgold, ZOOO.} ])T_T\A]’ Trainees worked on simulated repair problems and
computet-based tutor called Sherlock. 1ramnees

SRRy diate and focused feedback. Lesgold (0%, peports Fih hours 2
R AN d the same amount of performance improvement as about
Sherlock training P“’d]’,u.c A iarcmicca (with an average of 33 months of experience)
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nsive practicc “‘1»1. G subleshooting okill than did those who practiced
ment 1N ‘lhtyﬂ lln uru@ oul\'C(L“'Cd (he control group by more than 1
e mc!’Shctlxl}:)itc:linmn?, In fact, the Sherlock-trained apprentices
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Chapter Summary

This chapter began with a look at Thomdike’s fgmgus lac\lzv (l:f effﬁct, the idea Il}an feedhy,

; es to determine the likelihood that the response wi] 1, Mads
follg\x ing a response _ser(»i o St e e ok oy e
agax; 2;.}:;: 12{2:;2;: ac:\ti?es, response learning, and skill learning. In each Case. ;
?oi?pire‘d 1w‘o contrasting views of the learner. Tbe behz;vio;st view is [l_latf the learne, is
passively being conditioned by the feedback; that is, fe?d AR R R orcement thy
automatically stamps in (or stamps out) responses. This view is most consmgm with the
theory of specific transfer described in Chapter 1, becaus.e. whgt is 'learned 1S @ Specific
stimulus-response (S-R) association. In contrast, the cognitive view is th‘at the learner i
actively interpreting the feedback that is given; that is, feedback serves as information (i
the learner uses in building a learning outcome. This view is most consistent with the the.
ory of specific transfer of general principles described in Chapter 1, because why is
learned is a general attitude, rule, or procedure. As you can see, we have moved full circle
around Thorndike’s law of effect—beginning with a hungry cat’s trying to escape from ;
puzzle box based on automatic strengthening and weakening of associations based on
reinforcement, and ending with eager learners trying to master their domain through
deliberate practice based on using feedback to build knowledge.

For classroom management, we found that token economies and contingency contrac-
ing can serve to increase desired behaviors and decrease undesired behaviors. However
the mechanism underlying the behavior change seems to be best described by a cognitve
theory (i.e., by assuming that the learner altempts to interpret or justify the rewards or
punishments that are given). An aspect of teaching for meaningful learning involves help-

ing the learner achieve an interpretation that fosters intrinsic motivation rather than
dependence on external rewards,

For classroom activities, we found tha
result in a decrease in that behavior—th
consistent with the cognitive interpret
rewards as information to hel

t rewarding a behavior that students like to docan
atis, a hidden cost of reward. This finding is most
ation of the law of effect, in which learners U
P guide their construction of cognitive representations.

ded to enable improvements in P&

however, the mu,l:
' 111 Liie OV
cribed by a cognitive theory (1€ %

' . oful Jearning
Y | o, ful ical T
involves helping the learner by; n). Teaching for meaning hehaviors
m for producing appropnate 0¢34%

For skill learning, practice wi & specific behaviors themselves.
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’ , a5 we have seen in this chapter, the learner
appears to be actively involved in trying to interpret the feedback that is given. Any effec-
tive use of feedback or reinforcemeny techniques requires an understanding of the active
cognitive processing by the learner. In essence, we leave with a modified view of the law of
effect: It is not the feedback that changes behavior, but rather the learner's interpretation
dback. When the goal of teaching is to promote transfer,

» general rules that support concept learning, and general
procedures that support skilled performance. In short, teaching for meaningful learning

occurs when learners use feedback to make sense out of a learning episode rather than to
acquire a collection of specific responses.

SUGGESTED READINGS

Cameron, J., & Pierce, W. D. (2002). Rewards and intrinsi
Westport, CT: Bergin & Garvey. (Reviews research on the

Deci, E. L., Koestner, R., & Ryan, R. M. (1999). A meta-analytic review of experiments examining the
effects of extrinsic rewards on intrinsic motivation. Psychological Bulletin, 125, 625-668. (Reviews
research on the hidden costs of rewards.)

Singley, M. K., & Anderson, J. R.(1989). The transfer of cognitive skill. Cambndge, MA: Harvard
University Press. (Describes the process of skall learning.)

Thorndike, E. L. (1913). Educational psychology. New York: Columbia University Press.
Thorndikes famous law of effect.)

¢ motivation: Resolving the controversy
hidden cost of reward.)

(Presents

Chapter 7 Teaching by Giving Productive Feedback 291

PR S——

" oanns i



