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Abstract

Introduction—Because current evidence suggests that numeracy affects how people make 

decisions, it is an important factor to account for in studies assessing the effectiveness of medical 

decision support interventions. Subjective and objective numeracy assessment methods are 

available that vary in theoretical background, skills assessed, known relationship with decision 

making skills, and ease of implementation. The best way to use these tools to assess numeracy 

when conducting medical decision-making research is currently unknown.

Methods—We conducted Internet surveys comparing numeracy assessments obtained using the 

subjective numeracy scale (SNS) and five objective numeracy scales. Each study participant 

completed the SNS and one objective numeracy measure. Following each assessment, participants 

indicated willingness to repeat the assessment and rated its user acceptability.

Results—The overall response rate was 78% resulting in a total sample size of 673. Spearman 

correlations between the SNS and the objective numeracy measures ranged from 0.19 to 0.44. 

Acceptability assessments for the short form of the Numeracy Understanding in Medicine 

Instrument (NUMI) and the SNS did not differ significantly. The other objective scales all had 

lower acceptability ratings than the SNS.

Conclusions—These findings are consistent with prior research suggesting that objective and 

subjective numeracy scales measure related but distinct constructs. Due to current uncertainty 

regarding which construct is more likely to influence the effectiveness of decision support 

interventions, these findings warrant further investigation to determine the proper use of objective 

vs subjective numeracy assessments in medical decision-making research. Pending additional 

information, a reasonable approach is to measure both objective and subjective numeracy so that 

the full range of actual and perceived numeracy skills can be taken into account.

Introduction

Numeracy, “the ability to comprehend, use, and attach meaning to numbers” [1] is emerging 

as a potentially important factor affecting how people utilize information when making 

decisions. Low numeracy is associated with increased susceptibility to cognitive biases, 
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greater use of irrelevant information, and reduced willingness to consider long-term versus 

short-term outcomes. Not surprisingly, people with low numeracy skills experience a variety 

of poorer health outcomes, report lower health status, and are less interested in becoming 

actively involved in managing their health care than more numerate people. [1,2]

These results suggest that numeracy may influence the effectiveness of decision support 

interventions designed to actively engage patients in their care and possibly health services 

in general. Although correlated, numeracy is not strongly predicted by education, 

intelligence, health literacy, or other commonly assessed personal attributes. Therefore it 

needs to be assessed directly. [1,3] Unfortunately, the best way to assess numeracy, in both 

research and clinical settings, is unclear.

Recent interest in numeracy has generated multiple assessment instruments. Numeracy is a 

multi-dimensional concept ranging from basic understanding of quantitative information 

through interpretation of probabilistic and statistical information. [4] Because theoretical 

frameworks to guide numeracy assessment are just now being developed, the approaches 

taken to assessing numeracy have varied and the relationships among them are not fully 

delineated. [5] This situation makes it difficult to interpret the expanding literature regarding 

the effects of numeracy on medical decision making that is based on the results of different 

numeracy assessment measures.

The most common approach to numeracy assessment has been to objectively assess a 

respondent’s ability to manipulate and interpret numerical information. More recently, 

instruments to specifically assess healthcare-related numeracy skills (defined as “… the 

degree to which individuals have the capacity to access, process, interpret, communicate, 

and act on numerical, quantitative, graphical, biostatistical, and probabilistic health 

information” [4]) have also been developed. [6,7] Objective numeracy measures have been 

used in multiple studies and several, but not all, have been associated with differences in 

decision-making behavior. [6–10]

To allay concerns about the response burden and user acceptability of the test-like questions 

included in objective assessment instruments, subjective numeracy assessment methods have 

also been developed. The subjective numeracy scale (SNS) - the most commonly used 

subjective numeracy measure – was initially found to be well correlated with the objective 

Lipkus extended numeracy scale (Pearson correlations 0.63–0.68), faster, and better 

accepted by patients suggesting that it could be an ideal numeracy assessment instrument for 

medical decision making research. [11] However, subsequent studies found correlations 

between the SNS and the Lipkus objective numeracy scale as low as 0.40. [12–16] The SNS 

has been correlated with the Berlin Numeracy Scale, a newly introduced objective scale, but 

correlations with other recently introduced objective measures are unknown. [17] Moreover 

there are few data available regarding their relative usability and user acceptance, two factors 

that are important in selecting a measure for use in both decision making research and 

clinical practice.

Additional research is needed to learn how to efficiently and effectively assess the impact of 

numeracy on medical decision making. One place to start is to examine differences between 
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subjective and objective numeracy measures, two fundamentally different approaches to 

numeracy assessment. Subjective and objective numeracy scores appear to measure similar 

but not identical constructs, relative differences in respondent burden and user acceptance 

between the SNS and objective numeracy assessment instruments are not fully defined, and 

the relationship between numeracy assessed using the SNS versus newly introduced 

objective measures of health numeracy is unknown. [2] The two objectives of this study 

were: 1) to compare numeracy assessments obtained using the subjective numeracy scale 

versus five objective numeracy scales and 2) to compare the user acceptability of the SNS 

versus the same five objective numeracy scales.

Methods

Study population

The study population consisted of US residents at least 18 years old who are members 

Internet survey panels maintained by Cint, a private research company, and Research Match, 

an online panel maintained by the NIH Clinical Translational Science Award consortium. 

[18,19] We surveyed the Cint samples using Fluid Surveys (an online survey platform) 

targeted to obtain a demographically representative sample of the United States. [20] The 

Research Match sample was surveyed using an online survey created with Zoomerang 
(another online survey platform). [21]

This study was approved by the University of Rochester Research Subjects Review Board 

(IRB) who deemed a formal informed consent process unnecessary. Therefore, before 

participating, all study subjects were instructed to review an IRB-approved study 

informational document.

Study intervention

Study participants completed the Subjective Numeracy Scale (SNS) and one of five 

currently available objective numeracy measures: the Lipkus extended numeracy scale, the 

Berlin Numeracy Scale, the Weller abbreviated numeracy scale, the short version of the 

Numeracy Understanding in Medicine Scale (NUMI), and the 6-item version of the General 

Health Numeracy Test (GHNT).

The SNS is a general numeracy measure consisting of 8 items and contains two subscales: 4 

questions regarding perceived numeric ability and 4 questions regarding preference for 

quantitative information. Responses are made on a 6-point Likert scale and averaged to 

derive an overall score. [22] The Lipkus expanded numeracy scale is a general numeracy 

scale that primarily tests ability to work with probabilistic information. It contains 11 items 

and asks respondents to give the correct answer. [8] The Berlin Numeracy test is a general 

numeracy measure that also focuses on ability to work with probabilistic information. It 

comes in several versions; we used the 4 item multiple choice format which asks 

respondents to pick the correct answer out of four choices. [23] The Weller Abbreviated 

Numeracy Scale is a general numeracy measure that tests ability to work with both 

probabilistic information and perform algebraic calculations. It contains 8 items that ask 

respondents to enter the correct answer. [9] Both the 8 item Numeracy Understanding in 
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Medicine (NUMI) Short Form and the 6 item General Health Numeracy test (GHNT) were 

specifically designed to measure health numeracy. Both include tests of several skills 

including ability to use numeric scales, interpret probabilities, and use information provided 

on a food label and ask respondents to provide a correct answer for each survey item. [7,24]

We conducted 10 separate paired surveys, two for each objective measure. Participants in the 

SNS versus Weller Abbreviated Numeracy scale surveys were obtained from the Research 
Match panel; the others were obtained from the Cint panel. For each pair, one survey asked 

participants to complete the SNS followed by the objective measure and in the other the 

order of the numeracy assessments was reversed. In each case there was a “washout” period 

between the two numeracy assessments consisting of questions regarding demographic 

characteristics and assessment of health literacy assessment of health literacy using the one 

question Chew subjective literacy test. [25] We considered respondents who indicated they 

were either extremely or quite a bit confident when filling out forms by themselves as 

having adequate health literacy.

Following each numeracy assessment, participants were asked if they would be willing to do 

another survey with similar questions and to assess the acceptability of the scale by 

indicating the extent to which they found the numeracy assessment questions enjoyable, 

annoying, stressful, and frustrating using a 6 point scale ranging from strongly disagree to 

strongly agree. An example of one of the study surveys is included in a supplemental file.

Data analysis

We summarized each numeracy assessment using the standard procedures described for each 

scale. Because both the SNS and objective numeracy results were not normally distributed, 

we used Kruskal-Wallis Analysis one-way analysis of variance to determine if the order of 

scale presentation affected the results within each paired set of surveys and measured the 

relationship between the paired SNS and objective numeracy assessments using Spearman’s 

rank correlation. We assessed the statistical significance of differences between the SNS and 

the objective numeracy instruments by comparing their standardized correlations. [26]

We dichotomized the acceptability responses into two categories, agree and disagree. We 

then compared participants’ assessments regarding willingness to do again and user 

evaluations using Fisher’s exact test. All analyses were performed using Excel, MedCalc, or 

JMP. [27–29] In all cases we defined statistical significance as p < 0.05.

Result

The characteristics of the study participants are summarized in Table 1. The overall response 

rate was 75% (647/868). Responses to the individual surveys ranged from 67% for the 

Weller comparisons to 86% for the NUMI comparisons. The overall average age of the study 

participants was 47 years and ranged from 18 to 80 years. Sixty-seven percent of survey 

participants were female, 82% were white, and 23% Hispanic. Eighty percent had some 

education beyond high school and 77% had adequate health literacy skills. Statistically 

significant variations exist among the survey samples with regard to age, gender, race, health 

literacy, and education: compared to the four Cint panel surveys, participants in the Weller 
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survey, drawn from the Research Match database, were older, more literate and highly 

educated and more likely to be female. Because the order of presentation did not affect the 

numeracy assessment results, all paired surveys were combined for analysis. [See 

supplemental file for details.]

The results of the paired numeracy assessments and their correlations are summarized in 

Table 2 and illustrated in Figure 1. The correlations between the SNS and the objective 

numeracy measures ranged from 0.19 (95%CI: 0.05 to 0.33) for the Berlin numeracy test, to 

0.44 (95% CI: 0.28 to 0.58) for the GHNT. The correlation between the SNS and the Berlin 

numeracy test was significantly lower than the correlation between the SNS and the GHNT 

(p = 0.02).

Table 3 summarizes the respondents’ assessments of the numeracy scales. Participants who 

used the NUMI and the SNS were essentially equal in their willingness to do a repeat 

assessment: 90% and 92% respectively. Participants who used the other objective scales 

were less willing to repeat it than the SNS; in two cases, the Lipkus (81% vs 94%) and 

Berlin (77% vs 91%), the differences were statistically significant, p ≤ 0.001. Acceptability 

ratings for all objective scales were significantly lower than the SNS with the exception of 

the NUMI, where there were no statistically significant differences.

Discussion

Our study outcomes were developed to address two key considerations in choosing an 

appropriate numeracy assessment scale for use in medical decision making research: a) how 

comparable are the data obtained with alternative scales and b) what is their relative ease of 

use and user acceptability. Like the original SNS development studies, we found participants 

generally viewed the SNS more favorably than the Lipkus scale and were more willing to 

answer similar questions in the future. In contrast to the original studies, our participants 

were much more willing to do a repeat assessment with both scales (91% vs 50% for the 

SNS and 81% vs 8% for the Lipkus scale) and the correlation between the two numeracy 

measures was significantly lower: 0.38 (95% CI: 0.23 to 0.51) vs 0.68. [11] Other studies 

comparing the SNS and the Lipkus scale have also reported lower correlations ranging from 

0.40 and 0.48. [12–16]

Our study extends these findings to include comparisons between the SNS and four recently 

introduced objective numeracy scales. The correlations are modest, ranging from 0.34 to 

0.44 except for the much lower correlation between the Berlin numeracy test and the SNS: 

0.19. User assessments for the Berlin, GHNT, and Weller scales indicate that the SNS is 

somewhat easier to complete and more acceptable. In contrast, the short form NUMI did not 

differ significantly from the SNS in terms of user acceptance.

Our study was not designed to compare how well the SNS and objective numeracy measures 

predict decision-making behavior or influence the effectiveness of decision support 

interventions such as decision aids. Current evidence about these questions is inconclusive. 

SNS scores have been shown to predict several skills important in medical decision making 

nearly as well as the Lipkus scale including recall of risk information, interpretation of 
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survival curves, and ability to perform time-trade off utility assessments. [30] They were 

also more predictive of willingness to pay for breast cancer testing than the 3 item Schwartz 

objective numeracy scale (a subset of the Lipkus scale) among women who were members 

of a high risk BRCA registry and outperformed the Wide Range Achievement Test - 4 (an 

objective numeracy assessment procedure) at predicting 30 day emergency room recidivism 

rates in patient with congestive heart failure [31–33]

Objectively assessed numeracy on the other hand has been shown to influence decision 

making skills including resistance to framing effects, consistent use of risk information 

regardless of how it is presented, and affectively responding to data appropriately. [34] A 

recent study of college students found that objective numeracy was a more reliable and 

powerful predictor of performance on decision making related tasks than subjective 

numeracy. [3,34] A study in older individuals found that they substantially overestimated 

their numeric abilities, one of the recognized weaknesses of subjective measures. [16] There 

is also evidence that health numeracy may not be directly comparable to more general 

numeracy: in one study people were found to have more difficulty comprehending 

quantitative health-related information than comparable non-health related information. [35]

It is currently uncertain how well the available numeracy assessment measures identify skills 

that influence medical decision-making. Consequently it is unclear how numeracy should be 

assessed in medical decision-making research studies and how to combine findings obtained 

with different numeracy assessment methods. The modest correlations we found between the 

SNS and all objective measures indicate that either type of measure, used alone, may be 

insufficient to assess either the impact of numeracy on medical decisions or the effectiveness 

of decision support interventions. Pending additional information, our findings suggest that a 

reasonable approach to assessing the role of numeracy in medical decision making research 

is to measure both objective and subjective numeracy so that the full range of actual and 

perceived numeracy skills can be taken into account. They also indicate that this combined 

approach is feasible given the relatively high levels of user acceptance ratings of both the 

SNS and several of the objective scales most notably the short form NUMI. Further 

investigation to determine the proper role of objective vs subjective numeracy assessments in 

medical decision-making research is a high priority for further investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Scatter plots showing the relationship between health numeracy assessments using the 

subjective numeracy scale and five objective health numeracy scales.

Dolan et al. Page 9

Med Decis Making. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dolan et al. Page 10

Ta
b

le
 1

St
ud

y 
Po

pu
la

tio
n

N
U

M
I

N
=1

24
G

H
N

T
n 

= 
11

1
L

ip
ku

s
N

 =
 1

46
B

er
lin

N
 =

 1
82

W
el

le
r

N
 =

 1
08

O
ve

ra
ll

N
 =

 6
75

P
 v

al
ue

M
ea

n 
ag

e,
 y

ea
rs

44
.9

51
.8

44
.2

45
.0

53
.1

47
.0

< 
0.

00
1

N
um

be
r 

(p
er

ce
nt

)

G
en

de
r

<
 0

.0
01

 
m

al
e

40
 (

32
%

)
61

 (
55

%
)

49
 (

33
%

)
54

 (
30

%
)

22
 (

20
%

)
22

8 
(3

4%
)

 
fe

m
al

e
84

 (
68

%
)

50
 (

45
%

)
99

 (
67

%
)

12
8 

(7
0%

)
85

 (
79

%
)

44
9 

(6
7%

)

R
ac

e
0.

15
 *

 
W

hi
te

96
 (

77
%

)
97

 (
87

%
)

11
8 

(8
0%

)
15

1 
(8

3%
)

na
46

5 
(8

2%
)

 
A

fr
ic

an
-A

m
er

ic
an

13
 (

10
%

)
5 

(5
%

)
15

 (
10

%
)

16
 (

9%
)

52
 (

9%
)

 
A

m
er

ic
an

 I
nd

ia
n

3 
(2

%
)

0
3 

(2
%

)
0

4 
(1

%
)

 
H

aw
ai

ia
n/

Pa
ci

fi
c 

Is
la

nd
er

0
0

0
1 

(1
%

)
1 

(0
%

)

 
A

si
an

5 
(4

%
)

5 
(5

%
)

6 
(4

%
)

7 
(4

%
)

24
 (

4%
)

 
m

ix
ed

3 
(2

%
)

2 
(2

%
)

3 
(2

%
)

3 
(2

%
)

11
 (

2%
)

 
ot

he
r

4 
(3

%
)

2 
(2

%
)

3 
(2

%
)

4 
(2

%
)

13
 (

2%
)

E
th

ni
ci

ty
0.

22
 †

 
hi

sp
an

ic
12

 (
10

%
)

5 
(4

%
)

10
 (

7%
)

19
 (

10
%

)
na

46
 (

8%
)

 
no

n-
hi

sp
an

ic
11

2 
(9

0%
)

10
6 

(9
6%

)
13

5 
(9

3%
)

16
3 

(9
0)

52
1 

(9
2%

)

E
du

ca
ti

on
 le

ve
l

<
 0

.0
01

 
le

ss
 th

an
 h

ig
h 

sc
ho

ol
7 

(6
%

)
3 

(3
%

)
4 

(3
%

)
7 

(4
%

)
0

23
 (

3%
)

 
hi

gh
 s

ch
oo

l
23

 (
19

%
)

17
 (

15
%

)
31

 (
21

%
)

38
 (

21
%

)
2 

(2
%

)
11

4 
(1

7%
)

 
so

m
e 

co
lle

ge
 †

44
 (

35
%

)
43

 (
39

%
)

54
 (

37
%

)
66

 (
36

%
)

22
 (

20
%

)
22

9 
(3

4%
)

 
co

lle
ge

35
 (

28
%

)
25

 (
23

%
)

41
 (

28
%

)
48

 (
26

%
)

37
 (

34
%

)
18

6 
(2

8%
)

 
po

st
-g

ra
du

at
e

15
 (

12
%

)
23

 (
21

%
)

18
 (

12
%

)
23

 (
13

%
)

47
 (

44
%

)
12

6 
(1

9%
)

N
U

M
I

N
=1

24
G

H
N

T
n 

= 
11

1
L

ip
ku

s
N

 =
 1

48
B

er
lin

N
 =

 1
82

W
el

le
r

N
 =

 1
08

O
ve

ra
ll

N
 =

 6
75

N
um

be
r 

(p
er

ce
nt

)

Su
bj

ec
ti

ve
 li

te
ra

cy
<

 0
.0

01

 
ex

tr
em

el
y

56
 (

45
%

)
48

 (
43

%
)

56
 (

38
%

)
80

 (
44

%
)

86
 (

80
%

)
32

6 
(4

8%
)

Med Decis Making. Author manuscript; available in PMC 2017 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dolan et al. Page 11
N

U
M

I
N

=1
24

G
H

N
T

n 
= 

11
1

L
ip

ku
s

N
 =

 1
48

B
er

lin
N

 =
 1

82
W

el
le

r
N

 =
 1

08
O

ve
ra

ll
N

 =
 6

75

N
um

be
r 

(p
er

ce
nt

)

 
qu

ite
 a

 b
it

38
 (

31
%

)
32

 (
29

%
)

55
 (

37
%

)
53

 (
29

%
)

17
 (

16
%

)
19

6 
(2

9%
)

 
so

m
ew

ha
t

20
 (

16
%

)
23

 (
21

%
)

26
 (

18
%

)
30

 (
16

%
)

4 
(4

%
)

10
4 

(1
5%

)

 
a 

lit
tle

 b
it

9 
(7

%
)

8 
(7

%
)

8 
(5

%
)

14
 (

8%
)

0
41

 (
6%

)

 
no

t a
t a

ll
1 

(1
%

)
0

3 
(2

%
)

5 
(3

%
)

0
9 

(1
%

)

* W
el

le
r 

su
rv

ey
 n

ot
 in

cl
ud

ed
 d

ue
 to

 m
is

si
ng

 d
at

a.

† C
at

eg
or

y 
in

cl
ud

es
 a

ss
oc

ia
te

’s
 d

eg
re

e.

‡ R
es

po
ns

e 
to

 q
ue

st
io

n:
 H

ow
 c

om
fo

rt
ab

le
 d

o 
yo

u 
fe

el
 f

ill
in

g 
ou

t f
or

m
s 

by
 y

ou
rs

el
f?

 A
de

qu
at

e 
lit

er
ac

y 
w

as
 d

ef
in

ed
 a

s 
a 

re
sp

on
se

 o
f 

ei
th

er
 e

xt
re

m
el

y 
or

 q
ui

te
 a

 b
it.

A
bb

re
vi

at
io

ns
: S

N
S 

re
fe

rs
 to

 th
e 

su
bj

ec
tiv

e 
nu

m
er

ac
y 

sc
al

e;
 N

U
M

I 
re

fe
rs

 to
 th

e 
N

um
er

ac
y 

U
nd

er
st

an
di

ng
 in

 M
ed

ic
in

e 
sh

or
t f

or
m

; G
H

N
T

 r
ef

er
s 

to
 th

e 
6 

ite
m

 v
er

si
on

 o
f 

th
e 

G
en

er
al

 H
ea

lth
 N

um
er

ac
y 

Te
st

; 
L

ip
ku

s 
re

fe
rs

 to
 th

e 
L

ip
ku

s 
ex

pa
nd

ed
 n

um
er

ac
y 

sc
al

e;
 B

er
lin

 r
ef

er
s 

to
 th

e 
4 

ite
m

, m
ul

tip
le

 c
ho

ic
e 

ve
rs

io
n 

of
 th

e 
B

er
lin

 N
um

er
ac

y 
Te

st
; W

el
le

r 
re

fe
rs

 to
 th

e 
W

el
le

r 
A

bb
re

vi
at

ed
 N

um
er

ac
y 

Sc
al

e;
 n

a 
- 

da
ta

 n
ot

 
av

ai
la

bl
e 

du
e 

to
 s

ur
ve

y 
fo

rm
 e

rr
or

.

Med Decis Making. Author manuscript; available in PMC 2017 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dolan et al. Page 12

Ta
b

le
 2

N
um

er
ac

y 
A

ss
es

sm
en

t R
es

ul
ts

P
ai

re
d 

C
om

pa
ri

so
n

n
SN

S 
m

ea
n 

(s
d)

SN
S 

ra
ng

e 
*

O
N

S 
m

ea
n 

(s
d)

O
N

S 
ra

ng
e 

*
Sp

ea
rm

an
 r

95
%

 c
i

p 
va

lu
e

SN
S 

vs
 N

um
i

12
4

4.
2 

(0
.9

5)
1.

8 
to

 6
6 

(1
.5

)
2 

to
 8

0.
35

0.
18

 to
 0

.4
9

<
 0

.0
01

SN
S 

vs
 G

H
N

T
11

3
4.

3 
(1

.0
8)

1 
to

 6
3.

5 
(1

.7
)

0 
to

 6
0.

44
0.

28
 to

 0
.5

8
<

 0
.0

01

SN
S 

vs
 L

ip
ku

s
15

1
4.

0 
(1

.0
)

1.
1 

to
 6

7.
1 

(2
.7

)
1 

to
 1

1
0.

39
0.

24
 to

 0
.5

2
<

 0
.0

01

SN
S 

vs
 B

er
lin

18
2

4.
1 

(1
.0

)
1.

1 
to

 6
1.

1 
(0

.9
3)

0 
to

 4
0.

19
 †

0.
05

 to
 0

.3
3

0.
00

9

SN
S 

vs
 W

el
le

r
10

0
4.

6 
(0

.7
9)

2.
5 

to
 5

.8
4.

4 
(2

.0
)

0 
to

 8
0.

34
0.

15
 to

 0
.5

0
<

 0
.0

01

* M
ax

im
um

 s
co

re
 r

an
ge

s:
 S

N
S 

1 
to

 6
; N

um
i 0

 to
 8

; G
H

N
T

 0
 to

 6
; L

ip
ku

s 
0 

to
 1

1;
 B

er
lin

 0
 to

 4
; W

el
le

r 
0 

to
 8

.

† C
or

re
la

tio
n 

si
gn

if
ic

an
tly

 d
if

fe
re

nt
 f

ro
m

 G
H

N
T

 v
s 

SN
S 

co
rr

el
at

io
n 

(p
 =

 0
.0

2)
 a

nd
 m

ar
gi

na
lly

 d
if

fe
re

nt
 f

ro
m

 L
ip

ku
s 

vs
 S

N
S 

co
rr

el
at

io
n 

(p
 =

 0
.0

6)
.

A
bb

re
vi

at
io

ns
: S

N
S 

re
fe

rs
 to

 th
e 

su
bj

ec
tiv

e 
nu

m
er

ac
y 

sc
al

e;
 O

N
S 

re
fe

rs
 to

 o
ne

 o
f 

th
e 

ob
je

ct
iv

e 
nu

m
er

ac
y 

in
st

ru
m

en
ts

, N
U

M
I 

re
fe

rs
 to

 th
e 

N
um

er
ac

y 
U

nd
er

st
an

di
ng

 in
 M

ed
ic

in
e 

sh
or

t f
or

m
; G

H
N

T
 r

ef
er

s 
to

 
th

e 
6 

ite
m

 v
er

si
on

 o
f 

th
e 

G
en

er
al

 H
ea

lth
 N

um
er

ac
y 

Te
st

; L
ip

ku
s 

re
fe

rs
 to

 th
e 

L
ip

ku
s 

ex
pa

nd
ed

 n
um

er
ac

y 
sc

al
e;

 B
er

lin
 r

ef
er

s 
to

 th
e 

4 
ite

m
, m

ul
tip

le
 c

ho
ic

e 
ve

rs
io

n 
of

 th
e 

B
er

lin
 N

um
er

ac
y 

Te
st

; W
el

le
r 

re
fe

rs
 

to
 th

e 
W

el
le

r 
A

bb
re

vi
at

ed
 N

um
er

ac
y 

Sc
al

e.

Med Decis Making. Author manuscript; available in PMC 2017 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dolan et al. Page 13

Ta
b

le
 3

U
se

r 
E

va
lu

at
io

ns
 o

f 
T

im
e 

R
eq

ui
re

d 
an

d 
U

sa
bi

lit
y 

of
 S

ub
je

ct
iv

e 
ve

rs
us

 O
bj

ec
tiv

e 
N

um
er

ac
y 

A
ss

es
sm

en
ts

P
ai

re
d 

su
bj

ec
ti

ve
 v

s 
ob

je
ct

iv
e 

nu
m

er
ac

y 
as

se
ss

m
en

t 
co

m
pa

ri
so

ns

SN
S 

vs
 N

um
i

SN
S 

vs
 G

H
N

T
SN

S 
vs

 L
ip

ku
s

SN
S 

vs
 B

er
lin

SN
S 

vs
 W

el
le

r

SN
S

N
um

i
SN

S
G

H
N

T
SN

S
L

ip
ku

s
SN

S
B

er
lin

SN
S

W
el

le
r

n 
= 

12
4

n 
= 

11
1

n 
= 

14
8

n 
=1

82
n 

= 
10

9

W
ill

in
g 

to
 d

o 
ag

ai
n

 
ye

s
11

4 
(9

2%
)

11
2 

(9
0%

) 
*

10
3 

(9
3%

)
95

 (
86

%
) 

*
13

8 
(9

4%
)

11
9 

(8
1%

) 
*

16
5 

(9
1%

)
14

0 
(7

7%
) 

*
10

4 
(9

6%
)

96
 (

90
%

) 
*

p 
=

 0
.8

2
p 

=
 0

.1
3

p 
=

 0
.0

01
p 

=
 0

.0
00

6
p 

=
 0

.0
7

P
er

ce
iv

ed
 T

im
e 

re
qu

ir
ed

 
<

 2
 m

in
ut

es
85

 (
69

%
)

30
 (

24
%

)
84

 (
76

%
)

17
 (

15
%

)
10

7 
(7

2%
)

32
 (

22
%

)
12

7 
(7

0%
)

50
 (

28
%

)
93

 (
86

%
)

10
 (

9%
)

 
2 

to
 5

 m
in

ut
es

36
 (

29
%

)
77

 (
62

%
)

23
 (

21
%

)
67

 (
60

%
)

38
 (

26
%

)
86

 (
58

%
)

44
 (

24
%

)
97

 (
53

%
)

15
 (

14
%

)
66

 (
61

%
)

 
5–

10
 m

in
ut

es
3 

(2
%

)
15

 (
12

%
)

3 
(3

%
)

24
 (

22
%

)
2 

(1
%

)
22

 (
15

%
)

6 
(3

%
)

26
 (

14
%

)
0

28
 (

26
%

)

 
>

 1
0 

m
in

ut
es

0
2 

(2
%

)
1 

(1
%

)
3 

(3
%

)
1 

(1
%

)
8 

(5
%

)
5 

(3
%

)
9 

(5
%

)
0

4 
(4

%
)

p 
<

 0
.0

01
p 

<
 0

.0
01

p 
<

 0
.0

01
p 

<
 0

.0
01

p 
<

 0
.0

01

I 
en

jo
ye

d 
an

sw
er

in
g 

th
e 

qu
es

ti
on

s

 
di

sa
gr

ee
10

 (
8%

)
16

 (
13

%
)

11
 (

10
%

)
22

 (
20

%
)

16
 (

11
%

)
32

 (
22

%
)

22
 (

12
%

)
61

 (
34

%
)

3 
(3

%
)

26
 (

24
%

)

 
ag

re
e

11
4 

(9
2%

)
10

8 
(8

7%
)

10
0 

(9
0%

)
89

 (
80

%
)

13
2 

(8
9%

)
11

6 
(7

8%
)

16
0 

(8
8%

)
12

1 
(6

6%
)

10
6 

(9
7%

)
81

 (
76

%
)

p 
=

0.
29

p=
0.

06
p=

0.
02

p 
<

 0
.0

01
p 

<
 0

.0
01

T
he

 q
ue

st
io

ns
 w

er
e 

an
no

yi
ng

 
di

sa
gr

ee
11

2 
(9

0%
)

11
0 

(8
9%

)
95

 (
86

%
)

84
 (

76
%

)
12

6 
(8

5%
)

11
6 

(7
8%

)
16

1 
(8

7%
)

12
7 

(7
0%

)
99

 (
92

%
)

86
 (

80
%

)

 
ag

re
e

12
 (

10
%

)
14

 (
11

%
)

16
 (

14
%

)
27

 (
24

%
)

22
 (

15
%

)
32

 (
22

%
)

24
 (

13
%

)
55

 (
30

%
)

9 
(8

%
)

22
 (

20
%

)

p 
=

 0
.8

3
p 

=
 0

.0
9

p 
=

 0
.1

7
p 

<
 0

.0
01

p 
=

 0
.0

2

T
he

 q
ue

st
io

ns
 m

ad
e 

m
e 

fe
el

 s
tr

es
se

d

 
di

sa
gr

ee
11

2 
(9

0%
)

10
2 

(8
2%

)
10

0 
(9

0%
)

78
 (

70
%

)
13

3 
(9

0%
)

10
5 

(7
6%

)
15

4 
(8

5%
)

11
1 

(6
1%

)
10

6 
(9

8%
)

74
 (

69
%

)

 
ag

re
e

12
 (

10
%

)
22

 (
18

%
)

11
 (

10
%

)
33

 (
30

%
)

15
 (

10
%

)
33

 (
24

%
)

28
 (

15
%

)
71

 (
39

%
)

2 
(2

%
)

33
 (

31
%

)

p 
=

 0
.1

0
p 

=
 0

.0
00

3
p 

=
 0

.0
00

2
p 

<
 0

.0
01

p 
<

 0
.0

01

T
he

 q
ue

st
io

ns
 w

er
e 

fr
us

tr
at

in
g

 
di

sa
gr

ee
11

6 
(9

4%
)

11
3 

(9
1%

)
97

 (
87

%
)

77
 (

69
%

)
13

3 
(9

0%
)

10
8 

(7
3%

)
15

9 
(8

7%
)

11
3 

(6
2%

)
10

4 
(9

7%
)

84
 (

78
%

)

Med Decis Making. Author manuscript; available in PMC 2017 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dolan et al. Page 14

P
ai

re
d 

su
bj

ec
ti

ve
 v

s 
ob

je
ct

iv
e 

nu
m

er
ac

y 
as

se
ss

m
en

t 
co

m
pa

ri
so

ns

SN
S 

vs
 N

um
i

SN
S 

vs
 G

H
N

T
SN

S 
vs

 L
ip

ku
s

SN
S 

vs
 B

er
lin

SN
S 

vs
 W

el
le

r

SN
S

N
um

i
SN

S
G

H
N

T
SN

S
L

ip
ku

s
SN

S
B

er
lin

SN
S

W
el

le
r

n 
= 

12
4

n 
= 

11
1

n 
= 

14
8

n 
=1

82
n 

= 
10

9

 
ag

re
e

8 
(6

%
)

11
 (

9%
)

14
 (

13
%

)
34

 (
31

%
)

15
 (

10
%

)
40

 (
27

%
)

23
 (

13
%

)
69

 (
38

%
)

3 
(3

%
)

24
 (

22
%

)

p 
=

 0
.6

3
p 

<
 0

.0
01

p 
<

 0
.0

01
p 

<
 0

.0
01

p 
<

 0
.0

01

* D
if

fe
re

nc
e 

st
at

is
tic

al
ly

 s
ig

ni
fi

ca
nt

 b
y 

Fi
sh

er
’s

 e
xa

ct
 te

st
, p

 <
 0

.0
1.

A
bb

re
vi

at
io

ns
: N

U
M

I 
=

 N
um

er
ac

y 
U

nd
er

st
an

di
ng

 in
 M

ed
ic

in
e 

sh
or

t f
or

m
; G

H
N

T
 =

 G
en

er
al

 H
ea

lth
 N

um
er

ac
y 

Te
st

 s
ho

rt
 f

or
m

; L
ip

ku
s 

=
 L

ip
ku

s 
E

xp
an

de
d 

N
um

er
ac

y 
Te

st
; B

er
lin

 =
 B

er
lin

 N
um

er
ac

y 
te

st
, 4

 
ite

m
, m

ul
tp

le
 c

ho
ic

e 
fo

rm
; W

el
le

r 
=

 W
el

le
r 

A
bb

re
vi

at
ed

 N
um

er
ac

y 
Sc

al
e.

Med Decis Making. Author manuscript; available in PMC 2017 October 01.


	Abstract
	Introduction
	Methods
	Study population
	Study intervention
	Data analysis

	Result
	Discussion
	References
	Figure 1
	Table 1
	Table 2
	Table 3

