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Feedback literature

Feedback Both Helps and Hinders Learning: The Causal Role
of Prior Knowledge

Emily R. Fyfe and Bethany Rittle-Johnson
Vanderbilt University

Feedback can be a powerful learning tool, but its effects vary widely. Research has suggested that
learners’ prior knowledge may moderate the effects of feedback; however, no causal link has been
established. In Experiment 1, we randomly assigned elementary schoolchildren (N ! 108) to a condition
based on a crossing of 2 factors: induced strategy knowledge (yes vs. no) and immediate, verification
feedback (present vs. absent). Feedback had positive effects for children who were not taught a correct
strategy, but negative effects for children with induced knowledge of a correct strategy. In Experiment
2, we induced strategy knowledge in all children (N ! 101) and randomly assigned them to 1 of 3
conditions: no feedback, immediate correct-answer feedback, or summative correct-answer feedback.
Again, feedback had negative effects relative to no feedback. Results provide evidence for a causal role
of prior knowledge and indicate that minimal feedback can both help and hinder learning.

Keywords: feedback, problem solving, prior knowledge, mathematics learning

Feedback is a ubiquitous learning tool that has been studied by
cognitive scientists, learning theorists, and educational psychologists
alike (e.g., Hattie & Timperley, 2007; Kluger & DeNisi, 1996). It is
broadly defined as any information about performance or understand-
ing that the learner can use to confirm, reject, or modify prior knowl-
edge (Mory, 2004). In this study, we focus on two common types of
feedback: right–wrong verification and verification plus the correct
answer. However, the amount of information can vary on a continuum
from simple right–wrong verification to more elaborate explanations,
such as a conceptual rationale of the correct answer or a hint at a
correct problem-solving procedure. Feedback is theorized to benefit
learning by reinforcing correct responses (Smith & Kimball, 2010),
reducing perseveration on incorrect responses (Kulhavy, 1977), and
facilitating the generation of correct alternatives (Butler & Winne,
1995). Further, meta-analyses confirm its powerful influence on learn-
ing (e.g., Kluger & DeNisi, 1996). For example, a recent analysis
reported an average positive effect size of .46 for feedback relative to
no feedback conditions (Alfieri, Brooks, Aldrich, & Tenenbaum,
2011).

In addition to theoretical and empirical support, there also are
practical reasons for the popularity of feedback. Feedback can be
applied by parents and teachers in nearly any learning situation.
Indeed, parents frequently provide feedback to their children on
learning tasks at home (e.g., Evans, Barraball, & Eberle, 1998;
Hoover-Dempsey et al., 2001), and teachers also provide feedback on
student performance in the classroom (e.g., Pianta, Belsky, Houts, &
Morrison, 2007). In general, feedback is often assumed to be helpful
and many agree that “the importance of feedback in promoting
learning is inarguable” (Moreno, 2004, p. 100).

Despite broad endorsement of feedback, research has indicated that
the effects of feedback vary considerably and are not universally
beneficial (see Mory, 2004). For example, in two meta-analyses,
feedback had mostly positive effects, but neutral or negative effects in
a third of the cases (Bangert-Drowns, Kulik, Kulik, & Morgan, 1991;
Kluger & DeNisi, 1996). Negative effects occur when feedback leads
to lower learning outcomes compared to no feedback. Feedback is
theorized to have negative effects when it reduces mindfulness (e.g.,
overrelying on the feedback; Butler & Winne, 1995), draws attention
to the self (e.g., evaluating one’s abilities; Kluger & DeNisi, 1996), or
produces cognitive interference (e.g., confusing one’s response with
the correct one; Kulhavy, 1977). However, the majority of feedback
research is with adults in lab contexts recalling test-like material (e.g.,
multiple choice, list learning), and feedback may function differently
for children generating problem solutions. Further, learner character-
istics that interact with feedback (i.e., moderators) have rarely been
experimentally tested. The goal of the current research was to exper-
imentally test one potential moderator in the context of children’s
problem solving to better predict when feedback will help versus
harm learning.

There are several reasons to suggest that prior knowledge is a
key moderator to consider in the context of feedback. First, nearly
all theoretical models of feedback give prior knowledge a primary
role (e.g., Mory, 2004; Narciss & Huth, 2004). In particular,
learning from feedback is viewed as an interaction between infor-
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Feedback literature

• Hinders or helps?

• High vs low achievers

• Immediate vs delayed

• Correct vs worked solution vs none

• Increased over time



Feedback literature

• Exclusively generic feedback 
(correctness, worked solutions)

• Misconceptions literature not incorporated
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10
+
2

3
=

3

13

(x + y)2 = x2 + y2

(van Dooren et al., 2015)

(Kirshner & Awtry, 2004)



STACK feedback

• Potential Response Trees

• Send student answers to CAS

• Identify patterns of common errors

• Provide personalised feedback
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Potential Response Forest

• Sources of common student errors

• Expert experience

• Research literature

• … and responses to STACK questions?



Pilot study

• Online STACK test with randomisation

• Foundation module (N = 93)

• Simple differentiation questions (NQ = 30)

2 RESPONSE ANALYSIS 11

Figure 7: Tukey Kramer R Code for MAF001 Online Test 1

2.2 MAF001: Second Online Test

The second online test, completed by ninety-three students on the MAF001 module, con-
tained thirty questions which were all in the constructed response form and they all tested
the students ability to di↵erentiate, with di↵erent di�culties of functions and rules being
tested. There were six di↵erent types of di↵erentiation rule tested, these are all shown
in Table 4 which also shows the mean score and standard di↵erence for each rule type.
Again, these statistics were obtained using R and the code is shown in Figure 8.

Again, the pattern of mean scores, decreasing as the di↵erentiation rule di�culty in-
creasing, is what would be expected as its well established that some students use informal
methods, which are successful for the simpler and easier questions, but do not generalise
like they should to more di�cult question types, as the correct methods do.

Di↵erentiation Rule Tested Number of Questions Mean Score % SD %
Single Function 8 87.23 11.55

Sum Rule 3 91.40 10.23
Second Derivative 4 67.20 6.56
Product Rule 5 64.94 9.20
Quotient Rule 5 46.02 13.82
Chain Rule 5 67.96 11.21

Table 4: MAF001 Online Test 2 Statistics

Figure 8: MAF001 Online Test 2 R Code
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3 MISCONCEPTIONS 23

Mal-rule Correct Rule
a

b+c = a
b +

a
c

a+b
c = a

c +
b
c

sin(nx)
n = sinx sin(nx)

n = 1
n sin(nx)p

a+ b =
p
a+

p
b

p
ab =

p
a
p
b

(x+ y)n = xn + yn (x+ y)n = xn+ yn

Table 11: MAF001 Mal-rules

Number Question Misconception %
27 Expand and Simplify (4x� 3)2 (nx+ a)2 = (nx)2 + a2 31.25

37 Evaluate log10(x
500)

900 log10(10
x) = 1x 7.3

46 Students and Professors ratio Variables used as labels 88
47 log(2) = a, log(5) = b. log(10) in terms of a and b Variables used as labels 13.5

Table 12: Misconceptions in MAF001 Online Test 1

(Kirchner & Awtry, 2004). Table 11 contains other mal-rules, not di↵erentiation related,
that I found students using. I believe most of these mal-rules have also been created due
their high levels of visual salience.

Number Question Misconception %

14 d2(a�nx)
dx2

d2f
dx2 = df

dx 90.9
20 d

dx(cos(n) cos(nz))
d
dxf(x)g(x) = f 0(x)g0(x) 71.4

13 d2(enx�e�nx)
dz2

d2f
dx2 = df

dx 65.7

12 d2(cos(nx))
dx2

d2f
dx2 = df

dx 63.3

15
d2(�nx+ a

x+
a
x3

)

dx2
d2f
dx2 = df

dx 62.9
8 Di↵erentiate ln(nx) d

dx ln(nx) =
1
nx 44.4

18 Di↵erentiate x
a
b e�nx d

dxf(x)g(x) = f 0(x)g0(x) 42.9
26 Di↵erentiate (nx+ a)2 (x+ y)2 = x2 + y2 41.2
17 Di↵erentiate xa cos(nx) d

dxf(x)g(x) = f 0(x)g0(x) 39.4
30 Di↵erentiate sinn(x) d

dx sin
n(x) = n sinn(x) and d

dx sin
n(x) = cosn(x) 37.8

28 Di↵erentiate a
(nx+b)c

d
dx

f(x)
g(x) = f 0(x)

g0(x) 29

29 Di↵erentiate
p
nx+ a

p
ab =

p
a+

p
b and (x+ y)a = xa + ya 28.1

21 Di↵erentiate x
a�x2

a
b+c = a

b +
a
c and d

dx
f(x)
g(x) = f 0(x)

g0(x) 27

19 Di↵erentiate
p
x ln(nx) d

dxf(x)g(x) = f 0(x)g0(x) 26.7

25 d
dx [

ln(x)

x
a
b
] d

dx
f(x)
g(x) = f 0(x)

g0(x) 22

23 Di↵erentiate x
a
b +c

x
a
b �x

a
b+c = a

b +
a
c and d

dx
f(x)
g(x) = f 0(x)

g0(x) 20.6

27 Di↵erentiate (a� xb)2 (x+ y)2 = x2 + y2 20

22 Di↵erentiate x2

a�x
a

b+c = a
b +

a
c and d

dx
f(x)
g(x) = f 0(x)

g0(x) 16.7

24 d
dx

(sin(nx))
nx

sin(nx)
x = sin(n) 15.6

16 Di↵erentiate x sin(x) d
dxf(x)g(x) = f 0(x)g0(x) 13.7

6 Di↵erentiate sin(nx) d
dx sin(nx) = x cos(nx) 9.5

5 Di↵erentiate sin(nx)
a

d
dx sin(nx) = cos(nx) 6.1

Table 13: Misconceptions in MAF001 Online Test 2

To get a better idea of why the misconceptions I found present in MAF001 students
responses to tests exist its best to view them in the context of the questions. Therefore,
Table 12 and Table 13 state each question whose incorrect answers showed the presence of a
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Reproduced published 
findings

Kirshner & Awtry (2004)
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Mal-rule Correct Rule
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Table 12: Misconceptions in MAF001 Online Test 1

(Kirchner & Awtry, 2004). Table 11 contains other mal-rules, not di↵erentiation related,
that I found students using. I believe most of these mal-rules have also been created due
their high levels of visual salience.

Number Question Misconception %

14 d2(a�nx)
dx2

d2f
dx2 = df

dx 90.9
20 d

dx(cos(n) cos(nz))
d
dxf(x)g(x) = f 0(x)g0(x) 71.4

13 d2(enx�e�nx)
dz2

d2f
dx2 = df

dx 65.7

12 d2(cos(nx))
dx2

d2f
dx2 = df

dx 63.3

15
d2(�nx+ a

x+
a
x3

)

dx2
d2f
dx2 = df

dx 62.9
8 Di↵erentiate ln(nx) d

dx ln(nx) =
1
nx 44.4

18 Di↵erentiate x
a
b e�nx d

dxf(x)g(x) = f 0(x)g0(x) 42.9
26 Di↵erentiate (nx+ a)2 (x+ y)2 = x2 + y2 41.2
17 Di↵erentiate xa cos(nx) d

dxf(x)g(x) = f 0(x)g0(x) 39.4
30 Di↵erentiate sinn(x) d

dx sin
n(x) = n sinn(x) and d

dx sin
n(x) = cosn(x) 37.8

28 Di↵erentiate a
(nx+b)c

d
dx

f(x)
g(x) = f 0(x)

g0(x) 29

29 Di↵erentiate
p
nx+ a

p
ab =

p
a+

p
b and (x+ y)a = xa + ya 28.1

21 Di↵erentiate x
a�x2

a
b+c = a

b +
a
c and d

dx
f(x)
g(x) = f 0(x)

g0(x) 27

19 Di↵erentiate
p
x ln(nx) d

dxf(x)g(x) = f 0(x)g0(x) 26.7

25 d
dx [

ln(x)

x
a
b
] d

dx
f(x)
g(x) = f 0(x)

g0(x) 22

23 Di↵erentiate x
a
b +c

x
a
b �x

a
b+c = a

b +
a
c and d

dx
f(x)
g(x) = f 0(x)

g0(x) 20.6

27 Di↵erentiate (a� xb)2 (x+ y)2 = x2 + y2 20

22 Di↵erentiate x2

a�x
a

b+c = a
b +

a
c and d

dx
f(x)
g(x) = f 0(x)

g0(x) 16.7

24 d
dx

(sin(nx))
nx

sin(nx)
x = sin(n) 15.6

16 Di↵erentiate x sin(x) d
dxf(x)g(x) = f 0(x)g0(x) 13.7

6 Di↵erentiate sin(nx) d
dx sin(nx) = x cos(nx) 9.5

5 Di↵erentiate sin(nx)
a

d
dx sin(nx) = cos(nx) 6.1

Table 13: Misconceptions in MAF001 Online Test 2

To get a better idea of why the misconceptions I found present in MAF001 students
responses to tests exist its best to view them in the context of the questions. Therefore,
Table 12 and Table 13 state each question whose incorrect answers showed the presence of a

Reproduced published 
findings

Luneta & Makonye (2010)
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(Kirchner & Awtry, 2004). Table 11 contains other mal-rules, not di↵erentiation related,
that I found students using. I believe most of these mal-rules have also been created due
their high levels of visual salience.
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Table 13: Misconceptions in MAF001 Online Test 2

To get a better idea of why the misconceptions I found present in MAF001 students
responses to tests exist its best to view them in the context of the questions. Therefore,
Table 12 and Table 13 state each question whose incorrect answers showed the presence of a

We can decide what PRTs 
to programme…

And which not to bother 
with…
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dx2 = df

dx 90.9
20 d

dx(cos(n) cos(nz))
d
dxf(x)g(x) = f 0(x)g0(x) 71.4

13 d2(enx�e�nx)
dz2

d2f
dx2 = df

dx 65.7

12 d2(cos(nx))
dx2

d2f
dx2 = df

dx 63.3

15
d2(�nx+ a

x+
a
x3

)

dx2
d2f
dx2 = df

dx 62.9
8 Di↵erentiate ln(nx) d

dx ln(nx) =
1
nx 44.4

18 Di↵erentiate x
a
b e�nx d

dxf(x)g(x) = f 0(x)g0(x) 42.9
26 Di↵erentiate (nx+ a)2 (x+ y)2 = x2 + y2 41.2
17 Di↵erentiate xa cos(nx) d

dxf(x)g(x) = f 0(x)g0(x) 39.4
30 Di↵erentiate sinn(x) d

dx sin
n(x) = n sinn(x) and d

dx sin
n(x) = cosn(x) 37.8

28 Di↵erentiate a
(nx+b)c

d
dx

f(x)
g(x) = f 0(x)

g0(x) 29

29 Di↵erentiate
p
nx+ a

p
ab =

p
a+

p
b and (x+ y)a = xa + ya 28.1

21 Di↵erentiate x
a�x2

a
b+c = a

b +
a
c and d

dx
f(x)
g(x) = f 0(x)

g0(x) 27

19 Di↵erentiate
p
x ln(nx) d

dxf(x)g(x) = f 0(x)g0(x) 26.7

25 d
dx [

ln(x)

x
a
b
] d

dx
f(x)
g(x) = f 0(x)

g0(x) 22

23 Di↵erentiate x
a
b +c

x
a
b �x

a
b+c = a

b +
a
c and d

dx
f(x)
g(x) = f 0(x)

g0(x) 20.6

27 Di↵erentiate (a� xb)2 (x+ y)2 = x2 + y2 20

22 Di↵erentiate x2

a�x
a

b+c = a
b +

a
c and d

dx
f(x)
g(x) = f 0(x)

g0(x) 16.7

24 d
dx

(sin(nx))
nx

sin(nx)
x = sin(n) 15.6

16 Di↵erentiate x sin(x) d
dxf(x)g(x) = f 0(x)g0(x) 13.7

6 Di↵erentiate sin(nx) d
dx sin(nx) = x cos(nx) 9.5

5 Di↵erentiate sin(nx)
a

d
dx sin(nx) = cos(nx) 6.1

Table 13: Misconceptions in MAF001 Online Test 2

To get a better idea of why the misconceptions I found present in MAF001 students
responses to tests exist its best to view them in the context of the questions. Therefore,
Table 12 and Table 13 state each question whose incorrect answers showed the presence of a

We can theorise errors to 
decide how to feedback.



Implications
• We can analyse catalogues of STACK 

responses to identify common errors and 
their prevalence.

• We can theorise common errors (slips, rule 
ignorance, overgeneralisation, visual 
salience, natural number bias, and so on).

• We can write more and better PRTs.

• We can contribute to the literature on 
misconceptions and the literature on 
feedback.



Thank you!

Ian Jones 
Mathematics Education Centre  

Loughborough University

I.Jones@lboro.ac.uk
 

Thank you to Michael Bennett. 
This talk is based on his third year mathematics project.


