
CORRECT ION

Correction to: A Critical Review of Students’
and Teachers’ Understandings of Nature of Science

Hernán Cofré1,2 & Paola Núñez1,2 & David Santibáñez3 & José M. Pavez4 &

Martina Valencia2 & Claudia Vergara5

Published online: 5 July 2019
# Springer Nature B.V. 2019

Correction to: Science & Education (2019) 28:205–248
https://doi.org/10.1007/s11191-019-00051-3

The original article unfortunately contains incorrect presentation of Tables 1, 3, 4, 5 and 6.

The correct presentation of Tables 1, 3, 4, 5 and 6 are shown below.

Science & Education (2020) 29:221–232
https://doi.org/10.1007/s11191-019-00062-0

The online version of the original article can be found at https://doi.org/10.1007/s11191-019-00051-3

* Hernán Cofré
hernan.cofre@pucv.cl

1 Instituto de Biología, Facultad de Ciencias, Pontificia Universidad Católica de Valparaíso, Av.
Universidad 330, Curauma, Valparaíso, Chile

2 Magister en Didáctica de las Ciencias Experimentales, Facultad de Ciencias, Pontificia Universidad
Católica de Valparaíso, Valparaíso, Chile

3 Facultad de Educación, Universidad Católica Silva Henríquez, Santiago, Chile
4 Department of Math and Science Education, College of Education, University of Georgia, Athens,

USA
5 Facultad de Filosofía y Humanidades, Universidad Alberto Hurtado, Santiago, Chile

http://crossmark.crossref.org/dialog/?doi=10.1007/s11191-019-00062-0&domain=pdf
http://orcid.org/0000-0003-2789-334X
https://doi.org/10.1007/s11191-019-00051-3
https://doi.org/10.1007/s11191-019-00051-3
mailto:hernan.cofre@pucv.cl


Ta
bl
e
1

Su
m
m
ar
y
of

st
ud
ie
s
ab
ou
t
N
O
S
un
de
rs
ta
nd
in
g
in

E
le
m
en
ta
ry

Sc
ho

ol
st
ud

en
ts

(K
-6
)
an
al
ys
ed
.
N
O
S
as
pe
ct
s
ar
e:

T
=
Te
nt
at
iv
en
es
s,
O
&
I
=
O
bs
er
va
tio

n
an
d
in
fe
re
nc
e,

S=
Su

bj
ec
tiv

ity
,
C
=
C
re
at
iv
ity

an
d
Im

ag
in
at
io
n,

E
=
E
m
pi
ri
ca
l
ba
se
d,

S&
C
=
So

ci
al
ly

an
d
C
ul
tu
ra
lly

em
be
dd
ed
;
In
t
=
in
te
gr
at
ed

ac
tiv

iti
es
.
E
xp

=
E
xp
lic
it
an
d
Im

p
=
Im

pl
ic
it.

D
at
a
at

R
es
ul
ts
co
lu
m
n
co
rr
es
po
nd

to
%

of
st
ud
en
ts
in

in
fo
rm

ed
ca
te
go
ry

be
fo
re

an
d
af
te
r
in
te
rv
en
tio

n

A
ut
ho
rs

D
ur
at
io
n
(n
)

G
ra
de
s

C
ou
rs
es

C
on
te
xt

St
ra
te
gi
es

Pr
e-
te
st
vi
ew

s
Po

st
-t
es
t
vi
ew

s
R
es
ul
ts

In
st
ru
m
en
t

1. K
hi
sh
fe

&
A
bd
-E
l-
K
ha
lic
k

(2
00
2)

10
w
ee
ks

(6
2)

Si
xt
h
gr
ad
e

C
on
te
nt

co
ur
se

In
t

In
qu
ir
y
ac
tiv
iti
es

&
re
fl
ec
tio

n
T
he

m
os
tn
ai
ve

w
as

T
an
d
th
e
m
os
t

in
fo
rm

ed
w
as

C

T
he

as
pe
ct
th
at
m
os
t

im
pr
ov
e
w
as

T
an
d

th
e
le
st
im

pr
ov
e

w
er
e
C
an
d
O
&
I

T
:
6
➔

52
O
&
I:
9
➔

40
E
:
6
➔

48
C
:
3
➔
34

V
N
O
S
ite
m
s

2. A
ke
rs
on

an
d

V
ol
ri
ch

(2
00
6)

13
w
ee
ks

(1
4)

Fi
rs
t
gr
ad
e

C
on
te
nt

co
ur
se

N
on
-I
nt

an
d

In
t

re
fl
ex
iv
e

ac
tiv
iti
es

T
he

m
os
t
na
iv
e
w
as

T
an
d
th
e
m
os
t

in
fo
rm

ed
w
as

O
&

I.

T
he

as
pe
ct
th
at
m
os
t

im
pr
ov
ed

w
as

C
an
d

th
e
le
st
im

pr
ov
ed

w
as

O
&
I

T
:
14

➔
14

C
:
12

➔
14

O
:
14

➔
14

In
te
rv
ie
w
ed

us
in
g

V
N
O
S-
D

3. A
ke
rs
on

&
D
on
ne
lly

(2
01
0)

6
w
ee
ks

(1
8)

K
to

se
co
nd

gr
ad
e

In
fo
rm

al
in
qu
ir
y
&

N
O
S
co
ur
se

no
n-
in
t
&

in
t

In
qu
ir
y
ac
tiv
iti
es

&
re
fl
ec
tio

n
T
he

m
os
t
na
iv
e
w
as

O
&
I
an
d
th
e
m
os
t

in
fo
rm

ed
w
as

E
.

T
he

as
pe
ct
th
at
m
os
t

im
pr
ov
ed

w
er
e
C

an
d
O
&
I
an
d
th
e
le
st

im
pr
ov
ed

w
as

S
.

C
:
17
➔
18

T
:
14
➔
18

E
:
12
➔
18

O
&
I:
17
➔
18

S:
9➔

18

C
on
ve
rs
at
io
ns

re
la
te
d
V
N
O
S
-D

4. Q
ui
gl
ey

et
al
.

(2
01
0)

6
w
ee
ks

(2
5)

K
to

se
co
nd

gr
ad
e

In
fo
rm

al
in
qu
ir
y
&

N
O
S
co
ur
se

In
t

In
qu
ir
y
ac
tiv
iti
es

&
re
fl
ec
tio

n
T
he

m
os
tn
ai
ve

w
as

S
an
d
th
e
m
os
t

in
fo
rm

ed
w
as

E

T
he

as
pe
ct
th
at
m
os
t

im
pr
ov
ed

w
as

T
an
d

E
an
d
th
e
le
st

im
pr
ov
ed

w
as

S
&
C

O
ve
ra
ll
th
e
st
ud
en
ts

im
pr
ov
ed

th
ei
r

un
de
rs
ta
nd
in
g
of

th
e
ta
rg
et
as
pe
ct
s
of

N
O
S.

T
he
re

w
as

st
ill

so
m
e
co
nf
us
io
n

re
ga
rd
in
g
th
e

di
st
in
ct
io
n
be
tw
ee
n

ob
se
rv
at
io
n
an
d

in
fe
re
nc
e.

Q
ua
lit
at
iv
e

ap
pr
oa
ch

ba
se
d

on
th
e
V
N
O
S-
D

5. Y
ac
ou
bi
an

&
B
ou
Ja
ou
de

(2
01
0)

8
w
ee
ks

(3
8)

Si
xt
h
gr
ad
e

In
qu
ir
y
co
ur
se

In
t

In
qu
ir
y
ac
tiv
iti
es

&
re
fl
ec
tio

n
T
he

m
os
tn
ai
ve

w
as

S
an
d
th
e
m
os
t

in
fo
rm

ed
w
as

T

T
he

as
pe
ct
th
at
m
os
t

im
pr
ov
e
w
as

E
an
d

th
e
le
st
im

pr
ov
e
w
as

T

T
:
15

➔
15

E
:
0
➔

45
S:

0
➔

25
So

ci
al
:
0
➔

30

PO
SE

6. A
ke
rs
on

et
al
.

(2
01
4)

1
ye
ar

T
hi
rd

gr
ad
e

C
on
te
nt

co
ur
se

In
t

re
fl
ex
iv
e

ac
tiv
iti
es

T
he

m
os
tn
ai
ve

w
as

S
an
d
th
e
m
os
t

in
fo
rm

ed
w
as

E

T
he

as
pe
ct
th
at
m
os
t

im
pr
ov
e
w
as

S
an
d

th
e
le
st
im

pr
ov
e
w
as

T

O
&
I:
56

➔
63

E
:
94

➔
94

S:
25

➔
39

T
:
38

➔
50

V
N
O
S
-D

2

7.
Pa
pa
do
ur
is
&

C
on
st
an
tin

ou
(2
01
4)

5
w
ee
ks

Si
xt
h
gr
ad
e

co
nt
en
t
co
ur
se

In
t

H
O
S
an
d

in
qu
ir
y-
or
ie
nt
ed

ac
tiv
iti
es
en
ga
gi
ng

st
ud
en
ts
in

A
ll
na
iv
e
vi
ew

s
at
th
e

be
gi
nn
in
g

M
os
t
of

st
ud
en
ts

de
ve
lo
p
m
or
e

so
ph
is
tic
at
ed

St
ud
en
ts
be
ca
m
e

be
tte
r
po
si
tio

ne
d

to
re
co
gn
iz
e

222 H. Cofré et al.



Ta
bl
e
1

(c
on
tin

ue
d)

A
ut
ho
rs

D
ur
at
io
n
(n
)

G
ra
de
s

C
ou
rs
es

C
on
te
xt

St
ra
te
gi
es

Pr
e-
te
st
vi
ew

s
Po

st
-t
es
t
vi
ew

s
R
es
ul
ts

In
st
ru
m
en
t

ep
is
te
m
ic

di
sc
ou
rs
e

ep
is
te
m
ol
og
y
of

C
,

E
an
d
O
&
I

ob
se
rv
at
io
ns

an
d

in
te
rp
re
ta
tio

ns
an
d
to

di
ff
er
en
tia
te

be
tw
ee
n
th
em

,
ba
se
d
on

ep
is
te
m
ol
og
ic
al

cr
ite
ri
a

In
te
rv
ie
w

8. Fo
ua
d
et
.,
al
(2
01
5)

6
w
ee
ks

(1
7)

Se
co
nd
,t
hi
rd
,

an
d
fo
ur
th

gr
ad
e

C
on
te
nt

co
ur
se

N
on
-i
nt

&
in
t

In
qu
ir
y
vs
.H

O
S

T
he

m
os
tn
ai
ve

w
as

S
an
d
th
e
m
os
t

in
fo
rm

ed
w
as

C
an
d
T

T
he

as
pe
ct
th
at
m
os
t

im
pr
ov
ed

w
as

C
an
d

le
as
t
im

pr
ov
ed

w
er
e

O
&
I
an
d
T

C
ha
ng
es

in
nu
m
be
r
of

st
ud
en
ts
at

in
fo
rm

ed
ca
te
go
ry

(s
um

m
ar
y
of

fo
ur

gr
ad
es
)

In
qu
ir
y
gr
ou
p

E
:
0➔

-1
;
T
:
1➔

0
C
:
0➔

1;
S
:
0➔

1
O

&
I:
0➔

1-
2

H
is
to
ry

gr
ou
p

E
:
0➔

1
-1
;
T
:(
te
xt
-

bo
ok
s)
0➔

0;
T,

C
(d
in
os
au
rs
)

+
1➔

1-
1;

S
:
0➔

0
O
&
I:
(w

ea
th
er
)1

/➔
-1

V
N
O
S
-D

9. M
ic
he
l&

N
eu
m
an
n

(2
01
6)

4,
5
h.

Si
xt
h
an
d

se
ve
nt
h

gr
ad
e

co
nt
en
t
co
ur
se

N
on
-i
nt

&
in
t

G
en
er
ic

N
O
Sa
ct
iv
iti
es

T
he

ar
tic
le
di
d
no
t

sh
ow

pr
ev
io
us

vi
ew

of
N
O
S

Fi
ve

N
O
S
as
pe
ct
s
w
er
e

st
ud
ie
d
(C
,O

&
I,
S
,

T,
T
&
L
).

St
ud
en
ts
di
d
no
t

ch
an
ge
d
sc
or
es

on
th
e
N
O
S

in
st
ru
m
en
t.
B
ut

a
m
or
e
ad
eq
ua
te

N
O
S
vi
ew

w
as

re
la
tin
g
to

st
ud
en
ts
’

un
de
rs
ta
nd

of
na
tu
re

of
en
er
gy
.

N
O
SS

I
an
d

V
N
O
S-
C

Correction to: A Critical Review of Students’ and Teachers’... 223



Ta
bl
e
3

Su
m
m
ar
y
of

st
ud
ie
s
ab
ou
t
N
O
S
un
de
rs
ta
nd
in
g
in

P
re
-s
er
vi
ce

el
em

en
ta
ry

te
ac
he
rs
.N

O
S
as
pe
ct
s
ar
e:
T
=
Te
nt
at
iv
en
es
s,
O
&
I
=
O
bs
er
va
tio

n
an
d
in
fe
re
nc
e,
S=

S
ub
je
ct
iv
ity
,

C
=
C
re
at
iv
ity

an
d
Im

ag
in
at
io
n,
E
=
E
m
pi
ri
ca
lb
as
ed
,S

&
C
=
So

ci
al
ly
an
d
C
ul
tu
ra
lly

em
be
dd
ed
,T

&
L
=
T
he
or
y
an
d
L
aw

,S
M

=
Sc
ie
nt
if
ic
m
et
ho
d.
In
t=

in
te
gr
at
ed

ac
tiv

iti
es
.E

xp
=
E
xp
lic
it

an
d
Im

p
=
Im

pl
ic
it.
D
at
a
at
R
es
ul
ts
co
lu
m
n
co
rr
es
po
nd

to
%

of
te
ac
he
rs
in
in
fo
rm

ed
ca
te
go
ry

be
fo
re
an
d
af
te
ri
nt
er
ve
nt
io
n.
D
at
a
at
R
es
ul
ts
co
lu
m
n
co
rr
es
po
nd

to
%

te
ac
he
rs
in
in
fo
rm

ed
ca
te
go
ry

be
fo
re

an
d
af
te
r
in
te
rv
en
tio

n

A
ut
ho
rs

D
ur
at
io
n

(n
)

C
ou
rs
e

C
on
te
xt

St
ra
te
gi
es

Pr
et
es
t
vi
ew

s
Po

st
te
st
vi
ew

s
R
es
ul
ts

In
st
ru
m
en
ts

1. A
ke
rs
on
,e
t
al
.

(2
00
0)

1
se
m
es
te
r

(5
0)

sc
ie
nc
e

m
et
ho
ds

co
ur
se

N
on
-i
nt

A
ct
iv
iti
es

+
re
fl
ec
tio

n
+

re
ad
in
g

M
os
t
na
ïv
e
as
pe
ct
w
as

T
&
L
an
d
m
os
t

in
fo
rm

ed
w
as

S&
C

M
os
t
im

pr
ov
e
w
er
e

T,
T
&
L
an
d
C
an
d

th
e
le
as
t
im

pr
ov
e

w
as

S

E
:
4
➔
32

T
:
8
➔
72

C
:
24

➔
80

S:
32
➔
52

S&
C
:
56
➔
80

O
&
I:
40
➔
80

T
&
L
:
4➔

48

V
N
O
S

2. A
bd
-E
l-
K
ha
lic
k

an
d
A
ke
rs
on
,

(2
00
4)

1
se
m
es
te
r

(2
8)

sc
ie
nc
e

m
et
ho
ds

co
ur
se

N
on
-i
nt

A
ct
iv
iti
es

+
re
fl
ec
tio

n
&

re
ad
in
g
pa
pe
rs

M
os
tn

aï
ve

as
pe
ct
s
w
er
e

T
&
L
an
d
T
an
d
th
e

m
os
ti
nf
or
m
ed

w
as

E

M
os
t
im

pr
ov
e
w
as

C
an
d
th
e
le
as
t

im
pr
ov
e
w
as

E

E
:
29

➔
71

T
:
11

➔
64

C
:
18

➔
86

S:
18
➔
82

O
&
I:
25
➔
75

T
&
L
:
11
➔
75

SM
:
14

➔
68

V
N
O
S
-B

3. A
ke
rs
on

et
al
.

(2
00
6)

1
se
m
es
te
r

(1
9)

sc
ie
nc
e

m
et
ho
ds

co
ur
se

In
t
an
d
no
n-
in
t

R
ea
di
ng
,h

an
ds
-o
n
ac
-

tiv
iti
es

+
re
fl
ec
tio

n

M
os
t
na
ïv
e
as
pe
ct
w
as

T
&
L
an
d
m
os
t

in
fo
rm

ed
w
as

T

M
os
t
im

pr
ov
e
w
er
e

T
&
L
an
d
C
an
d

th
e
le
as
t
im

pr
ov
e

w
as

E

A
ll
as
pe
ct
s
sh
ow

im
pr
ov
ed

vi
ew

s,
bu
t

af
te
r
5
m
on
th
s,
T,

C
,

S,
E
,S

&
C
an
d
O
&
I

re
ve
rt
ed

V
N
O
S
-B

4. M
at
ki
ns

&
B
el
l

(2
00
7)

1
se
m
es
te
r,

13
h

(1
5)

sc
ie
nc
e

m
et
ho
ds

co
ur
se

In
t
(h
ig
hl
y

co
nt
ex
tu
al
iz
ed
)

an
d
no
n-
in
t

A
ct
iv
iti
es

+
re
fl
ec
tio

n
&

SS
I
el
em

en
ts

M
os
tn

aï
ve

as
pe
ct
s
w
er
e

T,
C
an
d
S&

C
an
d

m
os
ti
nf
or
m
ed

w
as

E

M
os
t
im

pr
ov
e
w
as

C
an
d
th
e
le
as
t

im
pr
ov
e
w
as

S&
C

E
:
27

➔
73

T
:
0
➔
60

C
:
0
➔
67

S:
20

➔
80

S&
C
:
0
➔

27

V
ie
w
s
of

Sc
ie
nc
e

an
d
G
lo
ba
l

C
lim

at
e
C
ha
ng
e

Q
ue
st
io
nn
ai
re

5. A
bd
-E
l-
K
ha
lic
k

an
d
A
ke
rs
on
,

(2
00
9)

1
se
m
es
te
r

(2
5)

sc
ie
nc
e

m
et
ho
ds

co
ur
se

N
on
-i
nt

A
ct
iv
iti
es

+
re
fl
ec
tio

n
&

m
et
ac
og
ni
tio

n.
&

ha
nd
s-
on

ac
tiv

iti
es

M
os
tn

aï
ve

as
pe
ct
s
w
er
e

T
an
d
O
&
I
an
d
m
os
t

in
fo
rm

ed
w
as

E

M
os
ti
m
pr
ov
e
w
er
e
T

an
d
O
&
I
an
d
th
e

le
as
t
im

pr
ov
e
w
as

S

E
:
12

➔
68

T
:
8
➔

72
S:

0
➔

48
O
&
I:
0
➔

64
C
:
8
➔

56

V
N
O
S
-C

V
N
O
S
-C

224 H. Cofré et al.



Ta
bl
e
3

(c
on
tin

ue
d)

A
ut
ho
rs

D
ur
at
io
n

(n
)

C
ou
rs
e

C
on
te
xt

St
ra
te
gi
es

Pr
et
es
t
vi
ew

s
Po

st
te
st
vi
ew

s
R
es
ul
ts

In
st
ru
m
en
ts

6.
M
cD

on
al
d

(2
01
0)

11
w
ee
ks

(5
)

sc
ie
nc
e

co
nt
en
t

co
ur
se

In
t
(h
ig
hl
y

co
nt
ex
tu
al
iz
ed
)

In
qu
ir
y
ac
tiv

iti
es

+
SS

I
&

H
O
S
el
em

en
ts
+

ar
gu
m
en
t

M
os
t
na
ïv
e
as
pe
ct
w
as

T
&
L
an
d
m
os
t

in
fo
rm

ed
w
er
e
O
&
I

an
d
T

M
os
t
im

pr
ov
e
w
as

S
an
d
th
e
le
as
t

im
pr
ov
e
w
er
e

O
&
I,
E
,T

an
d

S&
C

D
ev
el
op
ed

as
pe
ct
s
in

4
or

5
pa
rt
ic
ip
an
ts
:

SM
,S

U
nc
ha
ng
ed

as
pe
ct
s
in
4

or
5
pa
rt
ic
ip
an
ts
:

T
&
L
,T

7. B
el
l
et
al
.(
20
11
)

1
se
m
es
te
r

(7
5)

sc
ie
nc
e

m
et
ho
ds

co
ur
se

In
t
(h
ig
hl
y

co
nt
ex
tu
al
iz
ed
)

an
d
no
n-
in
t

A
ct
iv
iti
es

+
re
fl
ec
tio

n
vs
.S

S
I
el
em

en
ts

M
os
t
na
ïv
e
as
pe
ct
w
as

T
&
L
an
d
m
os
t

in
fo
rm

ed
E

M
os
t
im

pr
ov
e
w
as

T
&
L
an
d
th
e
le
as
t

im
pr
ov
e
w
as

S

B
es
t
tr
ea
tm

en
t:

E
:
17

➔
90

T
:
6
➔

72
C
:
11

➔
83

S:
17

➔
67

O
&
I:
6
➔

56
T
&
L
:
0
➔

78

V
N
O
S
-B

8. A
ke
rs
on

et
al
.

(2
01
2)

1
se
m
es
te
r

(1
7)

sc
ie
nc
e

m
et
ho
ds

co
ur
se

In
t
an
d
no
n-
in
t

R
ea
di
ng

+
as
si
gn
m
en
ts

+
ac
tiv

iti
es

+
re
fl
ec
tio

ns
Fo

cu
s
in

cu
ltu

ra
l
va
lu
es

M
os
t
na
ïv
e
as
pe
ct
w
as

T
&
L
an
d
m
os
t

in
fo
rm

ed
C

M
os
t
im

pr
ov
e
w
as

O
&
I
an
d
th
e
le
as
t

im
pr
ov
e
w
as

E

T
:
0
➔

63
O
&
I:
0
➔

81
T
&
L
:
0
➔

25
E
:
13

➔
31

C
:
19

➔
75

S:
13

➔
56

S&
C
:
13

➔
56

V
N
O
S
-B

9. O
zg
el
en

et
al
.

(2
01
3)

1
se
m
es
te
r

(3
4)

sc
ie
nc
e
la
b

co
ur
se

In
t
an
d
no
n-
in
t

In
qu
ir
y
ac
tiv

iti
es

+
re
fl
ec
tio

n
M
os
t
na
ïv
e
as
pe
ct
w
as

T
&
L
an
d
m
os
t

in
fo
rm

ed
C

M
os
t
im

pr
ov
e
w
as

S
an
d
th
e
le
as
t

im
pr
ov
e
w
as

T

E
:
3
➔

18
O
&
I:
0
➔

18
T
&
L
:
0
➔

29
S:

0
➔

44
T
:
0
➔

12
C
:
15

➔
79

S&
C
:
0
➔

24

V
N
O
S
-B

Correction to: A Critical Review of Students’ and Teachers’... 225



Ta
bl
e
4

Su
m
m
ar
y
of

st
ud
ie
s
ab
ou
tN

O
S
un
de
rs
ta
nd
in
g
in

P
re
-s
er
vi
ce

se
co
nd

ar
y
te
ac
he
rs

an
al
ys
ed
.N

O
S
as
pe
ct
s
ar
e:
T
=
Te
nt
at
iv
en
es
s,
T
&
L
=
T
he
or
y
an
d
L
aw

,N
FT

=
N
at
ur
e
an
d

Fu
nc
tio
n
of

T
he
or
ie
s,
O
&
I
=
O
bs
er
va
tio
n
an
d
in
fe
re
nc
e,
S=

Su
bj
ec
tiv

ity
,C

=
C
re
at
iv
ity

an
d
Im

ag
in
at
io
n,

E
=
E
m
pi
ri
ca
lb

as
ed
,S

&
C
=
So

ci
al
ly

an
d
C
ul
tu
ra
lly

em
be
dd
ed
,S

M
=
Sc
ie
nt
if
ic

m
et
ho
d.
In
t=

in
te
gr
at
ed

ac
tiv

iti
es
.E

xp
=
E
xp
lic
it
an
d
Im

p
=
Im

pl
ic
it.

SM
C
=
Sc
ie
nc
e
M
et
ho
d
C
ou
rs
e.
D
at
a
at
R
es
ul
ts
co
lu
m
n
co
rr
es
po
nd

to
%

te
ac
he
rs
in

in
fo
rm

ed
ca
te
go
ry

be
fo
re

an
d
af
te
r
in
te
rv
en
tio
n

A
ut
ho
rs

D
ur
at
io
n
(n
)

C
ou
rs
es

C
on
te
xt

St
ra
te
gi
es

Pr
e-
te
st
vi
ew

s
Po

st
-t
es
t
vi
ew

s
R
es
ul
ts

In
st
ru
m
en
t

1. L
in

&
C
he
n

(2
00
2)

1
se
m
es
te
r
(6
3)

S
M
C
an
d
H
is
to
ry

of
Sc
ie
nc
e

co
ur
se

In
t
(h
ig
hl
y

co
nt
ex
tu
al
iz
ed
)

H
O
S,

gr
ou
p

di
sc
us
si
on
s,

de
ba
te
s,

de
m
on
st
ra
tio

ns
,

ha
nd
s-
on

ex
pe
ri
m
en
ts
,

re
ad
in
gs

N
o
cr
ea
tiv

ity
in

sc
ie
nc
e,
sc
ie
nt
is
t

si
m
pl
y
di
sc
ov
er

by
go
od

lu
ck
;

ex
pl
an
at
io
ns

ar
e

ba
se
d
on

in
tu
iti
on
;

th
eo
ri
es

ar
e
fa
ct
s

th
at
ha
ve

be
en

re
pe
at
ed
ly

co
nf
ir
m
ed

Sc
ie
nt
is
t
m
ay

cr
ea
te

di
ff
er
en
t
th
eo
ri
es

fo
r
a
sa
m
e

ph
en
om

en
on
;

ex
pl
an
at
io
ns

ar
e

ba
se
d
on

sc
ie
nt
if
ic

ex
pe
ri
m
en
ts
;

th
eo
ri
es

ar
e
to
ol
s

fo
r
ex
pl
ai
ni
ng

na
tu
ra
l
ph
en
om

en
a

E
xp
er
im

en
ta
l
gr
ou
p

un
de
rs
ta
nd

be
tte
r

C
,t
he

th
eo
ry
-b
as
ed

na
tu
re

of
O
&
I,
an
d

th
e
fu
nc
tio

ns
of

T
he
or
ie
s

V
O
S
T
S

(m
od
if
ie
d)

2. Sc
hw

ar
tz
et
.,
al

(2
00
4)

10
w
ee
ks

(1
3)

In
te
rn
sh
ip

in
sc
ie
nc
e
co
ur
se

In
t

R
ea
l
re
se
ar
ch

ex
pe
ri
en
ce

&
re
fl
ec
tio

n

T
he

m
os
t
na
iv
e
w
as

T
&
L
an
d
th
e
m
os
t

in
fo
rm

ed
w
as

T

T
he

as
pe
ct
th
at
m
os
t

im
pr
ov
ed

w
as

S
th
e

le
as
t
im

pr
ov
ed

w
as

SM

N
um

be
r
of

st
ud
en
ts

te
ac
he
rs
in

ca
te
go
ry
:
m
aj
or

ch
an
ge

or
en
ha
nc
ed

E
:
9;

T
:
8

S&
C
:
9

S:
10
;
C
:
9

T
&
L
:
8

O
&
I:
9

SM
:
7

V
N
O
S-
C

3. A
bd
-E
l-
K
ha
lic
k

(2
00
5)

2
ye
ar
s
(5
6)

S
M
C
an
d

Ph
ilo

so
ph
y
of

Sc
ie
nc
e
co
ur
se

N
on
-i
nt

G
en
er
ic
ex
pl
ic
it

ac
tiv

iti
es
,

re
ad
in
gs
,

w
ho
le
-c
la
ss

di
sc
us
si
on
s,

N
O
S-
sp
ec
if
ic

re
fl
ec
tio

n
pa
pe
rs
,

in
qu
ir
y
ac
tiv

iti
es

T
he

m
os
t
na
iv
e
w
er
e

S
an
d
T
&
L
an
d

th
e
m
os
t
in
fo
rm

ed
w
as

S&
C
.

T
he

as
pe
ct
th
at
m
os
t

im
pr
ov
ed

w
er
e

T
&
L
an
d
E
an
d
th
e

le
as
t
im

pr
ov
ed

w
er
e
S
an
d
S&

C
.

PO
S
co
ur
se

pa
rt
ic
ip
an
ts

de
ve
lo
pe
d
de
ep
er

an
d
m
or
e
co
he
re
nt

un
de
rs
ta
nd
in
gs

of
N
O
S
co
m
pa
re

w
ith

m
et
ho
ds

co
ur
se

pa
rt
ic
ip
an
ts

V
N
O
S–

C

4.
52

h
di
st
ri
bu
te
d
in

2
m
on
th
s
(9
)

S
ci
en
ce

m
et
ho
ds

co
ur
se

N
on
-i
nt

an
d
in
t

E
xp
lic
it
te
ac
hi
ng
,

"p
ra
ct
ic
e"

B
ot
h
as
pe
ct
im

pr
ov
e

in
th
e
sa
m
e
w
ay

Po
si
tiv

e
ch
an
ge
s
in

th
e
pr
es
er
vi
ce

V
O
S
I

226 H. Cofré et al.



Ta
bl
e
4

(c
on
tin

ue
d)

A
ut
ho
rs

D
ur
at
io
n
(n
)

C
ou
rs
es

C
on
te
xt

St
ra
te
gi
es

Pr
e-
te
st
vi
ew

s
Po

st
-t
es
t
vi
ew

s
R
es
ul
ts

In
st
ru
m
en
t

L
ot
te
r,
Si
ng
er

&
G
od
le
y
(2
00
9)

te
ac
hi
ng

ex
pe
ri
en
ce
s,

re
ad
in
gs
,

re
fl
ec
tio

n
pa
pe
rs

T
he

m
os
t
na
iv
e
w
as

S
an
d
th
e
m
os
t

in
fo
rm

ed
w
as

S
M

te
ac
he
rs
’
vi
ew

s
of

N
O
S
in

te
rm

s
of

so
ph
is
tic
at
io
n

5. Se
un
g
et
.,
al

(2
00
9)

2
se
m
es
te
r,
12

h
(1
0)

S
ci
en
ce

m
et
ho
ds

co
ur
se

N
on
-i
nt

&
in
t

(h
ig
hl
y

co
nt
ex
tu
al
iz
ed
)

In
qu
ir
y
la
b
&

re
fl
ec
tio

n
+
H
O
S

T
he

m
os
t
na
iv
e
w
er
e

SM
an
d
E
,a
nd

th
e

m
os
t
in
fo
rm

ed
w
as

S

T
he

as
pe
ct
th
at
m
os
t

im
pr
ov
ed

w
as

E
an
d
th
e
le
as
t

im
pr
ov
ed

w
as

C

E
:
0➔

7
O
&
I:
1➔

7
SM

:
0➔

6
T
:
4➔

9
S:

8➔
10

C
:
0➔

1
S&

C
:5
➔
10

V
N
O
S

6. H
er
m
an

&
C
lo
ug
h
(2
01
6)

3
ye
ar
s
of

a
se
co
nd
ar
y

sc
ie
nc
e
te
ac
he
r

ed
uc
at
io
n

pr
og
ra
m

w
ith

em
ph
as
is
on

N
O
S
in

9
co
ur
se
s
(1
3)

S
ec
on
da
ry

sc
ie
nc
e

m
et
ho
ds

co
ur
se
s,
N
at
ur
e

of
Sc
ie
nc
e
an
d

Sc
ie
nc
e

E
du
ca
tio

n
co
ur
se
,

R
es
tr
uc
tu
ri
ng

Sc
ie
nc
e

A
ct
iv
iti
es

co
ur
se

N
on
-i
nt

&
in
t

In
qu
ir
y,
qu
es
tio

ns
re
ga
rd
in
g
N
O
S

42
%

of
th
e
co
lle
ct
iv
e

re
sp
on
se
s

pr
ov
id
ed

by
pa
rt
ic
ip
an
ts
on

pr
e-
N
O
S
co
ur
se

V
O
ST

S
ite
m
s

w
er
e
in
fo
rm

ed

82
%

of
th
e
co
lle
ct
iv
e

re
sp
on
se
s
pr
ov
id
ed

by
pa
rt
ic
ip
an
ts
on

po
st
-N

O
S
co
ur
se

V
O
ST

S
ite
m
s
w
er
e

in
fo
rm

ed
.

N
O
S
co
ur
se

po
si
tiv

el
y

im
pa
ct
ed

un
de
rs
ta
nd
in
g
of

N
O
S
.%

of
in
fo
rm

ed
co
lle
ct
iv
e

re
sp
on
se
s:

42
➔
82

V
O
S
T
S
&

SU
SS

I

7. M
es
ci
&

Sc
hw

ar
tz

(2
01
7)

13
m
on
th
s
(1
4

el
em

en
ta
ry

an
d

se
co
nd
ar
y

sc
ie
nc
e

te
ac
he
rs
)

N
O
S
an
d
Sc
ie
nc
e

In
qu
ir
y
co
ur
se

N
on
-i
nt

an
d
in
t

R
ea
di
ng
s,
co
nc
ep
t

m
ap
,l
ab
or
at
or
y

ac
tiv

iti
es
,

di
sc
us
si
on
s,

T
he

m
os
t
na
iv
e
w
as

T
&
L
an
d
th
e
m
os
t

in
fo
rm

ed
w
as

O
&
I

T
he

as
pe
ct
th
at
m
os
t

im
pr
ov
ed

w
er
e
C

an
d
S,

an
d
th
e
le
as
t

im
pr
ov
ed

w
as

S&
C

T
:
0➔

21
.4

C
:
0➔

64
.2

S:
0 ➔

28
.5

O
&
I:
0➔

28
.5

E
:
0➔

21
.4

T
&
L
:
0➔

28
.5

SM
:1
4.
2➔

78
.5

S&
C
:
0➔

7.
14

V
N
O
S;

V
O
SI

&
SU

SS
I

Correction to: A Critical Review of Students’ and Teachers’... 227



Ta
bl
e
5

S
um

m
ar
y
of

st
ud
ie
s
ab
ou
t
N
O
S

un
de
rs
ta
nd
in
g
in

se
rv
ic
e
el
em

en
ta
ry

te
ac
he
rs

an
al
ys
ed
.
N
O
S
as
pe
ct
s
ar
e:

T
=

Te
nt
at
iv
en
es
s,

O
&
I
=

O
bs
er
va
tio

n
an
d
in
fe
re
nc
e,

S=
Su

bj
ec
tiv
ity
,
C
=
C
re
at
iv
ity

an
d
Im

ag
in
at
io
n,

E
=
E
m
pi
ri
ca
l
ba
se
d,

S&
C
=
So

ci
al
ly

an
d
C
ul
tu
ra
lly

em
be
dd
ed
,
SM

=
Sc
ie
nt
if
ic

m
et
ho
d.

In
t
=
in
te
gr
at
ed

ac
tiv
iti
es
.
E
xp

=
E
xp
lic
it
an
d

Im
p
=
Im

pl
ic
it.

PD
P
=
Pr
of
es
si
on
al
de
ve
lo
pm

en
t
pr
og
ra
m
m
e.
D
at
a
at
R
es
ul
ts
co
lu
m
n
co
rr
es
po
nd

to
%

te
ac
he
rs
in

in
fo
rm

ed
ca
te
go
ry

be
fo
re

an
d
af
te
r
in
te
rv
en
tio

n

A
ut
ho
rs

D
ur
at
io
n
(n
)

C
ou
rs
es

C
on
te
xt

St
ra
te
gi
es

Pr
e-
te
st
vi
ew

s
Po

st
-t
es
t
vi
ew

s
R
es
ul
ts

In
st
ru
m
en
ts

1. A
bd
-E
l-
K
ha
lic
k

(2
00
1)

6
m
on
th
s
(3
0)

Se
m
es
te
r-
lo
ng

ph
ys
ic
s
co
ur
se
.

In
t

R
ef
le
x
ex
pl
ic
it
N
O
S

ac
tiv

iti
es
,f
am

ili
ar

an
d
no
n-
fa
m
ili
ar

co
nt
en
t

T
he

m
os
tn
ai
ve

w
er
e
C
,S

an
d
T
&
L
an
d
th
e
m
os
t

in
fo
rm

ed
w
as

O
&
I

T
he

as
pe
ct
m
os
t

im
pr
ov
ed

w
as

O
&
I

an
d
th
e
le
as
t

im
pr
ov
ed

w
as

S

%
of

st
ud
en
ts
at
na
ïv
e

ca
te
go
ry
.

T
&
L
:
40
➔

17
O
&
I:
30
➔

13
C
:
67

➔
67

S:
63

➔
60

V
N
O
S

2. A
ke
rs
on

et
.,
al

(2
00
7)

2
w
ee
ks

(1
4)

Su
m
m
er

PD
P,

N
O
S
an
d

In
qu
ir
y
co
ur
se

In
t
an
d

no
n-
in
t

G
ui
de
d
in
qu
ir
y,
re
fl
ex
,

ac
tiv

ity
T
he

m
os
t
na
iv
e
w
er
e
E

an
d
O
&
I
T
he

m
os
t

in
fo
rm

ed
w
as

C

T
he

as
pe
ct
m
os
t

im
pr
ov
e
w
as

S&
C

an
d
th
e
le
as
t

im
pr
ov
ed

w
er
e
C

M
or
e
in
fo
rm

ed
an
sw

er
s

in
po
st
w
or
ks
ho
p

qu
es
tio
nn
ai
re

V
N
O
S-
D
2

3. A
ke
rs
on

et
al

(2
00
9a
)

2
w
ee
ks

+
1
ye
ar

fo
llo

w
up

(4
)

Su
m
m
er

PD
P

In
t

m
od
el
lin

g,
in
qu
ir
y

T
he

m
os
t
na
ïv
e
w
er
e

S&
C
an
d
T,

T
he

m
os
t

in
fo
rm

ed
w
as

C

T
he

m
os
ti
m
pr
ov
e
w
er
e

S&
C
an
d
O
&
I.

M
or
e
in
fo
rm

ed
an
sw

er
s

in
po
st
-s
ch
oo
l
ye
ar

qu
es
tio
nn
ai
re

V
N
O
S-
D
2

4. A
ke
rs
on

et
al

(2
00
9b
)

1
ye
ar
s
(1
5)

PD
P
pr
og
ra
m

In
t
an
d

no
n-
in
t

G
ui
de
d
in
qu
ir
y,
re
fl
ex
,

ac
t,
C
om

m
un
ity

of
pr
ac
tic
e,
ac
tio

n
re
se
ar
ch

fo
cu
se
d
on

N
O
S
as
se
ss
m
en
t

T
he

m
os
t
na
ïv
e
w
as

S&
C
.T

he
m
os
t

in
fo
rm

ed
w
as

C
.

T
he

m
os
ti
m
pr
ov
e
w
er
e

O
&
I,
T,

E
,C

,S
&
C

M
or
e
in
fo
rm

ed
an
sw

er
s

af
te
r
th
e
su
m
m
er

w
or
ks
ho
p.

M
os
t

ad
va
nc
es

lo
st
af
te
r

on
e
ye
ar
,e
xc
ep
tin

g
O
&
I

V
N
O
S-
D
2

5. M
or
ri
so
n
et
al
.,

(2
00
9)

2
w
ee
ks

(2
0)

S
um

m
er
PD

P
w
ith

in
te
rn
sh
ip

N
on
-i
nt

&
in
t

A
ct
+
re
fl
ex
.&

re
ad
in
g

p.
&

sc
ie
nc
e

in
te
rn
sh
ip
,m

ic
ro

te
ac
h.

T
he

m
os
tn
aï
ve

w
as

T
&
L

an
d
th
e
m
os
ti
nf
or
m
ed

w
as

T.

T
he

m
os
t
im

pr
ov
e
w
as

C
an
d
th
e
le
as
t

im
pr
ov
ed

w
as

T
&
L
.

T
:
5
➔

35
C
:
0
➔

50
S:

5
➔

30
E
:
5
➔

10
S&

C
:
0
➔

20
T
&
L
:
0
➔

5
O
&
I:
0
➔

15

V
N
O
S-
B

6.
Po

sn
an
sk
i

(2
01
0)

2
ye
ar
s
(2
2)

PD
P

N
on
-i
nt

&
in
t

A
ct
,r
ea
di
ng
s,
re
fl
ex
,

co
lla
bo
ra
tiv

e
te
ac
hi
ng

de
si
gn
,

ac
tio

n
re
se
ar
ch

T
he

m
os
t
na
ïv
e
w
er
e

T
&
L
an
d
O
&
I
th
e

m
os
ti
nf
or
m
ed

w
er
e
S,

S&
C

T
he

m
os
t
im

pr
ov
e
w
as

C
.T

he
le
as
t

im
pr
ov
ed

w
er
e
T
&
L

an
d
O
&
I

%
by

N
O
S
as
pe
ct
s
ar
e

no
t
av
ai
la
bl
e,
bu
t

av
er
ag
e
ru
br
ic
sc
or
es

ch
an
ge

fr
om

13
,5
7
➔

17
,2
0
af
te
r

in
te
rv
en
tio

n

V
N
O
S-
C

228 H. Cofré et al.



Ta
bl
e
5

(c
on
tin

ue
d)

A
ut
ho
rs

D
ur
at
io
n
(n
)

C
ou
rs
es

C
on
te
xt

St
ra
te
gi
es

Pr
e-
te
st
vi
ew

s
Po

st
-t
es
t
vi
ew

s
R
es
ul
ts

In
st
ru
m
en
ts

7. C
of
ré

et
al
.,

(2
01
4)

1
ye
ar

60
h
(1
2)

PD
P,
2
N
O
S/
SI

co
ur
se

&
5

su
bj
ec
t
co
ur
se
s

N
on
-i
nt

&
in
t

A
ct
+
in
qu
ir
y
la
b
w
ith

re
fl
ex
.

T
he

m
os
tn
ai
ve

w
er
e
T,
C

an
d
O
&
I,
an
d
th
e

m
os
t
in
fo
rm

ed
w
as

E

T
he

m
os
t
im

pr
ov
e
w
as

S.
T
he

le
as
ti
m
pr
ov
e

w
as

E
.

T
:
0
➔

34
C
:
0
➔

41
O
&
I:
0
➔

41
S:

9
➔

50
E
:
83

➔
83

V
N
O
S-
D
+

8. D
en
iz
&

A
di
be
lli

(2
01
5)

12
w
ee
ks

(4
)

G
ra
du
at
e
le
ve
l

co
ur
se

N
on
-i
nt

R
ea
di
ng
,h

an
ds
-o
n

ac
tiv
,r
ef
le
x
ex
pl
ic
it

N
O
S
ac
tiv

iti
es

T
he

m
os
t
na
iv
e
w
er
e

O
&
I
an
d
th
e
m
os
t

in
fo
rm

ed
w
er
e
C
,T

,S

T
he

m
os
t
im

pr
ov
e
w
as

O
&
I
an
d
th
e
le
as
t

im
pr
ov
e
w
as

E

N
um

be
r
st
ud
en
ts
in

in
fo
rm

ed
ca
te
go
ry

E
:
1➔

1
O
&
I:
0➔

1
C
:
2➔

4
S:

2➔
4

T
:
2➔

3

V
N
O
S-
B

9. A
di
be
lli

&
D
en
iz
,(
20
17
)

6
m
on
th
s
(4
)

PD
P
w
ith

tw
o

ph
as
es
:
N
O
S

tr
ai
ni
ng

an
d

N
O
S
te
ac
hi
ng

N
on

in
t

R
ea
di
ng
,t
ea
ch
in
g

m
at
er
ia
ls

T
he

m
os
t
na
iv
e
w
er
e

O
&
I
an
d
S&

C
an
d
th
e

m
os
t
in
fo
rm

ed
w
as

E
.

T
he

as
pe
ct
m
os
t

im
pr
ov
ed

w
as

E
an
d

th
e
le
as
t
im

pr
ov
ed

w
er
e
S

M
or
e
in
fo
rm

ed
vi
ew

s
af
te
r
in
te
rv
en
tio

n,
bu
t

no
t
sp
ec
if
ic

nu
m
er
ic
al
da
ta

V
N
O
S-
D
2

Correction to: A Critical Review of Students’ and Teachers’... 229



Ta
bl
e
6

Su
m
m
ar
y
of

st
ud
ie
s
ab
ou
tN

O
S
un
de
rs
ta
nd
in
g
in

se
rv
ic
e
se
co
nd

ar
y
te
ac
he
rs

an
al
ys
ed
.N

O
S
as
pe
ct
s
ar
e:
T
=
Te
nt
at
iv
en
es
s,
T
&
L
=
T
he
or
y
an
d
L
aw

,O
&
I
=
O
bs
er
va
tio

n
an
d

in
fe
re
nc
e,

S=
Su

bj
ec
tiv
ity
,
C
=
C
re
at
iv
ity

an
d
Im

ag
in
at
io
n,

E
=
E
m
pi
ri
ca
l
ba
se
d,

S&
C
=
So

ci
al
ly

an
d
C
ul
tu
ra
lly

em
be
dd
ed
,
SM

=
Sc
ie
nt
if
ic

m
et
ho
d.

In
t
=
in
te
gr
at
ed

ac
tiv

iti
es
.
E
xp

=
E
xp
lic
it
an
d
Im

p
=
Im

pl
ic
it.

D
at
a
at
R
es
ul
ts
co
lu
m
n
co
rr
es
po
nd

to
%

te
ac
he
rs
in

in
fo
rm

ed
ca
te
go
ry

be
fo
re

an
d
af
te
r
in
te
rv
en
tio
n

A
ut
ho
rs

D
ur
at
io
n
(n
)

C
ou
rs
e

C
on
te
xt

St
ra
te
gi
es

Pr
et
es
t
vi
ew

s
Po

st
es
t
vi
ew

s
R
es
ul
ts
of

E
ff
ec
tiv
en
es
s

In
st
ru
m
en
t

1. N
eh
m

&
Sc
ho
nf
el
d

(2
00
7)

14
w
ee
ks

(4
4)

G
ra
du
at
e

bi
ol
og
y

co
ur
se

in
t

E
xp
os
ur
e
to

m
is
co
nc
ep
tio
ns
,

co
lla
bo
ra
tiv
e

le
ar
ni
ng
,r
ea
di
ng
s,

vi
de
os

Fo
cu
s
in
T
he
or
y
an
d
L
aw

an
d
its

re
la
tio
ns
hi
p
w
ith

ev
ol
ut
io
n.
E
vo
lu
tio
n
is

w
ea
k
be
ca
us
e
is
a

th
eo
ry
;T

he
or
ie
s

be
co
m
e
fa
ct
s

Po
si
tiv
e
an
d
si
gn
if
ic
an
t

in
cr
ea
se

in
te
ac
he
r

kn
ow

le
dg
e
of

N
O
E
V
O

St
at
is
tic
al
ly

si
gn
if
ic
an
t

in
cr
ea
se

in
te
ac
he
r

kn
ow

le
dg
e
of

N
O
S

L
ik
er
t-
ty
pe

ite
m
s

an
d
es
sa
y

qu
es
tio
ns

2. W
on
g,

H
od
so
n,

K
w
an
,&

Y
un
g,

(2
00
8)

4
h
(5
2)

W
or
ks
ho
p

in
t

M
ul
tim

ed
ia
te
ac
hi
ng

m
at
er
ia
ls
,i
nd
iv
id
ua
l

ta
sk
s,
gr
ou
p

di
sc
us
si
on
,a
nd

pr
ob
le
m
-s
ol
vi
ng

ac
tiv
iti
es

M
os
t
na
iv
e:
"s
ci
en
ce

in
fl
ue
nc
es

po
lit
ic
al

de
ci
si
on
s"

(0
%
)
an
d

"s
oc
ia
l
an
d
cu
ltu
ra
l

pr
ac
tic
es
"
(0
%
),

"s
ci
en
tis
ts
sh
ou
ld

no
t

su
bm

it
to

au
th
or
ity
"

(0
%
)
an
d
"s
ci
en
tis
t
ar
e

co
m
pe
tit
iv
e
by

na
tu
re
"

(0
%
).
M
os
t
in
fo
rm

ed
:

sc
ie
nc
e
is
af
fe
ct
ed

by
so
ci
al
an
d
cu
ltu

ra
l

(5
6%

)

A
ll
N
O
S
as
pe
ct
s

im
pr
ov
ed
.M

os
t

im
pr
ov
ed
:"
Sc
ie
nc
e

an
d
te
ch
no
lo
gy

im
pa
ct

ea
ch

ot
he
r"
(6
5%

).
L
ea
st
im

pr
ov
ed

"S
ci
en
ce

in
fl
ue
nc
es

po
lit
ic
al
de
ci
si
on
s"

(1
9%

)

In
cr
ea
se

(%
)
of

pa
rt
ic
ip
an
ts
sh
ow

in
g

go
od

un
de
rs
ta
nd
in
g

of
:

N
O
S
&

So
ci
et
y:

34
.6

Sc
ie
nt
is
t:
41
.5
.

V
N
O
S-
C
(m

od
ifi
ed
)

3. N
ia
z
(2
00
9)

11
w
ee
ks

(1
7

se
co
nd
ar
y

an
d
co
lle
ge

le
ve
l)

G
ra
du
at
e

ch
em

is
tr
y

ed
uc
at
io
n

co
ur
se

In
t
(h
ig
hl
y

co
nt
ex
tu
al
iz
ed
)

H
PO

S
R
ea
di
ng
s,
w
ri
tte
n

re
po
rt
s,
cl
as
sr
oo
m

di
sc
us
si
on
s,

pr
es
en
ta
tio
ns
,w

ri
tte
n

ex
am

s

Q
ua
lit
at
iv
e
de
sc
ri
pt
io
n
of

m
is
co
nc
ep
tio
ns

su
ch

as
:
un
iv
er
sa
l
sc
ie
nt
if
ic

m
et
ho
d,

sc
ie
nc
e
is

ob
je
ct
iv
e
-
sc
ie
nc
e
is

ex
pe
ri
m
en
ta
l.

Q
ua
lit
at
iv
e
de
sc
rip

tio
n
of

ch
an
ge

to
:D

iv
er
se

m
et
ho
ds
,S

ci
en
ce

is
no
t

ab
so
lu
te
ly
ob
je
ct
iv
e,

ob
se
rv
at
io
ns

an
d

hy
po
th
es
es

ar
e
al
so

im
po
rta
nt

In
te
rv
en
tio
n
fa
ci
lit
at
ed

th
e
pr
og
re
ss
iv
e

tr
an
si
tio
ns

in
te
ac
he
rs
’

un
de
rs
ta
nd
in
g
of

SM
,

S,
C
an
d
E

Q
ue
st
io
n–
an
sw

er
se
ss
io
ns
,w

ri
tte
n

ex
am

s

4. D
on
ne
lly

&
A
rg
yl
e

(2
01
1)

1
ye
ar

(3
6)

T
D
P
ph
ys
ic
s

co
ur
se

no
n-
in
t
&

in
t

G
en
er
ic
A
ct
iv
iti
es

&
ha
nd
s
on
e
la
b

ac
tiv
iti
es

+
re
fl
ec
tio
n

M
os
t
na
iv
e
w
as

T
&
L
an
d

m
os
t
in
fo
rm

ed
w
as

E
.

M
os
t
im

pr
ov
e
w
as

T
&
L

an
d
le
as
t
im

pr
ov
e
w
as

E

N
um

be
r
of

te
ac
he
rs
at

le
as
t
w
ith

ad
eq
ua
te

vi
ew

at
th
e
en
d

E
:
-2

I&
O
:
+
10

S:
+
9

T
:
+
2

V
N
O
S
-B

230 H. Cofré et al.



Ta
bl
e
6

(c
on
tin

ue
d)

A
ut
ho
rs

D
ur
at
io
n
(n
)

C
ou
rs
e

C
on
te
xt

St
ra
te
gi
es

Pr
et
es
t
vi
ew

s
Po

st
es
t
vi
ew

s
R
es
ul
ts
of

E
ff
ec
tiv
en
es
s

In
st
ru
m
en
t

T
&
L
:1
8

C
:
+
7

5. W
ah
be
h
&

A
bd
-E
l-
K
ha
lic
k

(2
01
4)

6
w
ee
ks
,3

6
h

(1
9
m
id
dl
e

an
d

se
co
nd
ar
y

le
ve
l)

N
O
S
PD

co
ur
se

no
n-
in
t
&

in
t

(h
ig
hl
y

co
nt
ex
tu
al
iz
ed
)

H
PO

S
ca
se

st
ud
ie
s,

m
et
ac
og
ni
tiv
e

st
ra
te
gi
es
,l
es
so
n

pl
an
s

M
os
tn

ai
ve

w
er
e
O
&
I
an
d

S
an
d
m
os
t
in
fo
rm

ed
w
as

E
.

M
os
t
im

pr
ov
e
w
as

T
an
d

le
as
t
im

pr
ov
e
w
as

SM
In
cr
ea
se

(%
)
of

in
fo
rm

ed
vi
ew

s:
E
:
31
.6

I:
52
.6

S:
68
.4

T
:
73
.7

T
&
L
:
31
.6

SM
:
5.
3

C
:
63
.1

S&
C
:
52
.7

V
N
O
S
-C

6. Pa
ve
z
et

al
.,
(2
01
6)

12
0
h

di
st
ri
bu
te
d

in
6
m
on
th
s

(8
)

Sc
ie
nt
if
ic
sk
ill
s

an
d
te
ac
hi
ng

ev
ol
ut
io
n

PD
P

no
n-
in
t
&

in
t

(h
ig
hl
y

co
nt
ex
tu
al
iz
ed
)

re
ad
in
gs
,H

O
S,

vi
de
os
,

le
ss
on

pl
an
s,
ex
pl
ic
it

in
st
ru
ct
io
n,

ha
nd
s-
on

ac
ti
&

re
fl
ec
tio
n

M
os
t
na
iv
e
w
as

SM
an
d

m
os
t
in
fo
rm

ed
w
er
e
E

an
d
S.

M
os
t
im

pr
ov
e
w
as

C
an
d

le
as
t
im

pr
ov
e
w
er
e

T
&
L
an
d
S
(e
ig
ht

as
pe
ct
s
w
er
e
st
ud
ie
d)

A
ft
er

in
te
rv
en
tio
n
th
e

nu
m
be
r
of

te
ac
he
rs

w
ho

he
ld

in
fo
rm

ed
vi
ew

s
in
cr
ea
se
d
fo
r

al
l
of

th
e
as
pe
ct
s

V
N
O
S
-D

+

7. C
of
ré

et
al
.,
(2
01
7)

12
0
h

di
st
ri
bu
te
d

in
6
m
on
th
s

(3
1)

N
O
S
&

E
vo
lu
tio
n

PD
P

no
n-
in
t
&

in
t

(h
ig
hl
y

co
nt
ex
tu
al
iz
ed
)

R
ea
di
ng
s,
H
O
S
,v

id
eo
s,

le
ss
on

pl
an
s,
ex
pl
ic
it

in
st
ru
ct
io
n,

ha
nd
s-
on

ac
ti
&

re
fl
ec
tio
n

M
os
t
na
iv
e
w
er
e
SM

an
d

T
&
L
an
d
m
os
t

in
fo
rm

ed
w
as

E
.

M
os
t
im

pr
ov
e
w
as

C
an
d

th
e
le
as
t
im

pr
ov
e
w
as

T
&
L

In
fo
rm

ed
vi
ew

s
pr
e
an
d

po
st
(%

):
E
:
50
➔
87
.5

O
&
I:
0➔

50
T
&
L
:
0➔

25
C
:
12
.5
➔
87
.5

S&
C
:
37
.5

➔
87
.5

SM
:
12
.5

➔
62
.5

T
:
0➔

37
.5

S:
50
➔
75

V
N
O
S
-D

+

Correction to: A Critical Review of Students’ and Teachers’... 231



Publisher's Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

232 H. Cofré et al.


	Correction to: A Critical Review of Students’ and Teachers’ Understandings of Nature of Science

