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Both Educational Lectures and Reference Photographs 
Are Necessary to Improve the Accuracy and Reliability 
of Psoriasis Area and Severity Index (PASI) Assessment: 
Results from Korean Nation-Wide PASI Educational 
Workshop 

Chong Won Choi, Bo Ri Kim, Jong Seo Park, Sang Woong Youn

Department of Dermatology, Seoul National University College of Medicine, Seoul National University Bundang Hospital, Seongnam, Korea

Background: Accurate assessment of the severity of psoriasis 
is important in daily practice and clinical studies. However, 
the assessment of psoriasis area and severity index (PASI) re-
flects the physician’s experience, and thus evaluations by 
physicians are inherently subjective, with intra-rater and in-
ter-rater variability. Objective: To elucidate the effectiveness 
of PASI educational lectures and the use of reference photo-
graphs on the improvement of accuracy and reliability in 
PASI assessments and to develop effective educational pro-
grams for PASI assessments. Methods: We performed a be-
fore-and-after comparison study during nation-wide PASI ed-
ucational workshops. The participants were asked to assess 
the severity components of PASI (erythema, thickness, scale, 
and affected area) three times: in the test administered before 
an educational lecture, the test immediately after the lecture, 
and lastly the test with the use of reference photographs. The 
improvement of accuracy and reliability was analyzed by 
comparing the results of three tests. Results: Ninety-six 

board-certified dermatologists and residents participated 
and 72 participants completed all three tests. The accuracy 
and reliability of the assessment of severity components of 
PASI increased significantly after the educational lecture and 
the use of reference photographs. Use of reference photo-
graphs resulted in limited improvements when the recog-
nition of three-dimensional structures was required, such as 
in the assessment of thickness or scale. Conclusion: Our 
study confirmed that the combination of standardized edu-
cational training and reference photographs can improve the 
accuracy and reliability of PASI assessments. Understanding 
how to evaluate three-dimensional psoriatic lesions can help 
with proper assessment of the severity of psoriasis. (Ann 
Dermatol 30(3) 284∼289, 2018)
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INTRODUCTION

Psoriasis is a chronic inflammatory disorder of the skin 
that frequently recurs after treatment. Psoriatic lesions in 
exposed skin can pose a significant psychological burden 
for patients, hence, the need for effective psoriasis treat-
ment is imperative1. Various treatment modalities have 
been introduced and physicians have to choose the appro-
priate management modalities based on the status and se-
verity of the disorder for each patient. Therefore, accurate 
assessment of the status or severity of psoriasis is im-
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portant2. Moreover, the need for accurate evaluation has 
increased after the recent introduction of new treatment 
modalities to enable the objective and reliable assessment 
of different cases3. Among the various methods available 
for assessing psoriasis severity, the psoriasis area and se-
verity index (PASI) is well validated and most commonly 
used2,4. However, the PASI method has some limitations 
in evaluating the four components of PASI (erythema, 
thickness, scale, and affected area), subjective assessments 
by evaluators can have intra-rater and inter-rater varia-
bility2,3.
To attain substantial accuracy and reliability in evaluating 
the disease severity, educational training for health-care 
providers and patients has been introduced2,5-7. It was re-
ported that educational training for laypersons can im-
prove their ability to detect skin cancers6,7, and online 
PASI training improved the accuracy of PASI assessments 
by psoriatic patients and health-care providers2. However, 
a previous study also reported a limitation of educational 
training, namely that it is difficult to standardize the con-
ventional educational program2. Moreover, it was repor-
ted that the conventional lecture consisting of an expla-
nation of the ABCD algorithm for early detection of mela-
noma was less effective than photography-oriented cogni-
tive education7. 
In this study, we enrolled board-certified dermatologists 
and residents in Korea who attended a nation-wide PASI 
educational workshop to elucidate the effectiveness of 
PASI educational lectures and reference photographs on 
the accuracy and reliability of PASI assessments. On the 
basis of the results, we suggest some factors that should be 
taken into account to develop effective educational lec-
tures and image-based training programs for accurate and 
reliable PASI assessments. 

MATERIALS AND METHODS 
Study design and enrolled subjects 

PASI educational lectures and tests for assessing the se-
verity components of PASI (erythema, thickness, scale, 
and affected area) were offered during a nation-wide PASI 
educational workshop. The nation-wide PASI educational 
workshop is held four times in South Korea. The board- 
certified dermatologists and residents who attended the 
workshop were enrolled. The study was approved by 
the institutional review board of Seoul National University 
Bundang Hospital (IRB no. X-1608/360-902).

PASI educational lecture and test description 

The PASI educational lecture consisted of an explanation 
of the general algorithm, the four components (erythema, 

thickness, scale, and affected area) of the PASI system, and 
how to grade the severity of the four PASI components. 
Because previous studies reported a high degree of varia-
bility in determining the degree of the body affected5,8, the 
lecture introduced some practical methods for estimating 
the affected area. The participants were shown images of 
psoriasis on a part of patient’s body and were asked to as-
sess the severity components of PASI (erythema, thickness, 
scale, and affected area): the degree of severity (erythema, 
thickness, and scale) and the percentage of the area 
affected. The effect of the PASI educational lecture was 
evaluated by comparing the results of tests administered 
before (test A) and immediately after the lecture (test B). 
Lastly, after short instructions for reference photographs, 
participants assessed the degree of severity and the af-
fected surface area while using reference photographs to 
evaluate the usefulness of reference photographs in the as-
sessment of PASI scoring (test C: test with reference photo-
graphs). 
The test was developed by a team of dermatologists 
through consultations with medical statisticians. The test 
consisted of five images of psoriatic lesions representing 
small or large plaque psoriasis with variable degrees of 
severity. In each test (test A, test B, and test C), five images 
were shown twice in a random sequence and the partic-
ipants were asked to assess the severity components of 
PASI (erythema, thickness, scale, and affected area): the 
degree of severity (erythema, thickness, and scale) and the 
percentage of the area affected of the images. The scores 
assigned by PASI expert who participated in developing 
the test were regarded as the standard and were compared 
with those of the participants. When the assessment of er-
ythema, thickness, and scale was the same as that of the 
expert, the assessment was regarded as correct. In the as-
sessment of the affected area, we regarded the partic-
ipants’ assessments as correct when the difference be-
tween the scores assigned by the participants and those as-
signed by the expert was 5 or less. To ensure a uniform 
test environment, all the participants completed the tests 
using iPads (Apple Inc., Cupertino, CA, USA) with the 
same brightness and contrast. 

Statistical analysis 

To evaluate the effectiveness of the PASI educational lec-
ture and the reference photographs on the accuracy and 
reliability of PASI scoring, we conducted a before-and-after 
comparison study by comparing the assessments of four 
components of the PASI system. The ability of participants 
to assess the severity of psoriatic lesions was evaluated 
three times: in a test before the PASI educational lecture 
(test A), a test immediately after the lecture (test B), and a 
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test using reference photographs (test C). The effectiveness 
of the PASI educational lecture and the reference photo-
graphs was analyzed for two parameters: the improvement 
of accuracy and the reduction of intra-rater and inter-rater 
variability. To analyze the improvement of the accuracy of 
PASI assessment, we counted the number of correct as-
sessments out of 10 assessments in each test: the number 
of correct assessments is between 0 and 10 and if the par-
ticipant correctly assessed four out of ten assessments, the 
number of correct assessments is four. Then, we calcu-
lated the average of the number of correct assessments of 
each test and compared them using the Wilcoxon signed 
rank test. For the evaluation of intra-rater variability, the 
differences in the assessment of the affected area, eryth-
ema, thickness, and scale between the same images pre-
sented twice in each test was calculated, then the change 
in the intra-rater variability was analyzed by comparing 
the differences in the assessment of the same image using 
the generalized estimating equation (GEE) model to cor-
rect the repeated test during the PASI educational work-
shop. To analyze the inter-rater reliability, we defined the 
deviation by comparing individual assessments with the 
mean assessment for all participants in each test and cal-
culated the deviation of each test as the absolute value of 
[the participant’s assessment–the mean of all participants’ 
assessments]. Then the deviations were compared using 
the Wilcoxon signed rank test. IBM SPSS Statistics ver. 
22.0 (IBM Co., Armonk, NY, USA) was used to perform 
statistical analysis and a p-value ＜0.05 was considered 
statistically significant. 

RESULTS 
Characteristics of participants 

A total of 96 board-certified dermatologists and residents 
participated in the study. Among the 96 participants, 38 
(39.6%) were board-certified dermatologists and 55 (57.3%) 
were residents. Among them, 76 participants had previous 
experience with PASI assessment. After removing tests 
with missing data, 72 participants completed all three tests 
without missing any assessments. 

Accuracy of PASI assessment improved by the PASI 
educational lecture and reference photographs

To analyze the effects of the PASI educational lecture and 
the use of reference photographs on the accuracy of PASI 
assessment, we counted the number of correct assessments 
in each test (Table 1). The PASI educational lecture in-
creased the accuracy for all components of PASI; in the as-
sessment of erythema, thickness, and scale, the accuracy 
significantly increased (p=0.001 for erythema, p＜0.001 Ta

bl
e 

1.
 T

he
 a

cc
ur

ac
y 

in
 s

ev
er

ity
 a

ss
es

sm
en

t 
an

al
yz

ed
 b

y 
co

m
pa

rin
g 

th
e 

nu
m

be
r 

of
 c

or
re

ct
 a

ss
es

sm
en

ts

N
um

be
r 

of
 c

or
re

ct
 a

ss
es

sm
en

ts
 

(m
ea

n±
st

an
da

rd
 d

ev
ia

tio
n)

D
iff

er
en

ce
 o

f 
co

rr
ec

t 
as

se
ss

m
en

ts
 b

et
w

ee
n 

th
e 

te
st

s 
(e

st
im

at
e,

 9
5%

 c
on

fid
en

ce
 i

nt
er

va
l)

p-
va

lu
e

Te
st

 A
Te

st
 B

Te
st

 C
Te

st
 A

 v
s.

 t
es

t 
B

Te
st

 B
 v

s.
 t

es
t 

C
Te

st
 A

 v
s.

 t
es

t 
C

Te
st

 A
 v

s.
 

te
st

 B
Te

st
 B

 v
s.

 
te

st
 C

Te
st

 A
 v

s.
 

te
st

 C

A
re

a
4.

74
±

2.
32

5.
03

±
1.

77
5.

54
±

2.
17

−0
.2

92
±

2.
58

(−
0.

89
7 

to
 0

.3
13

) 
−0

.5
14

±
1.

71
(−

0.
91

6 
to

 −
0.

11
2)

−0
.8

06
±

2.
60

(−
1.

42
 t

o 
−0

.1
95

0.
34

0
0.

01
3

0.
01

0

Er
yt

he
m

a
3.

54
±

1.
65

4.
35

±
1.

65
5.

17
±

1.
91

−0
.8

06
±

2.
03

 
(−

1.
28

 t
o 
−0

.3
28

)
−0

.8
19

±
1.

60
 

(−
1.

20
 t

o 
−0

.4
43

)
−1

.6
3±

2.
20

 
(−

2.
14

 t
o 
−1

.1
1)

0.
00

1
<

0.
00

1
<

0.
00

1

Th
ic

kn
es

s
4.

71
±

1.
96

5.
71

±
2.

26
5.

38
±

2.
15

 −
1.

00
±

2.
31

(−
1.

54
 t

o 
−0

.4
56

)
  

0.
33

3±
1.

99
(−

0.
13

5 
to

 0
.8

02
)

−0
.6

67
±

2.
48

 
(−

1.
25

 t
o 
−0

.0
84

)
＜

0.
00

1
0.

16
0

0.
02

5

Sc
al

e
6.

31
±

2.
04

7.
18

±
2.

40
6.

28
±

2.
78

−0
.8

75
±

2.
28

 
(−

1.
14

 t
o 
−0

.3
39

)
  

0.
90

3±
1.

67
 

(0
.5

10
 t

o 
1.

30
)

  
0.

02
8±

2.
63

 
(−

0.
59

1 
to

 0
.6

46
)

0.
00

2
＜

0.
00

1
0.

92
9

Te
st

 A
: 

te
st

 b
ef

or
e 

ps
or

ia
si

s 
ar

ea
 a

nd
 s

ev
er

ity
 i

nd
ex

 e
du

ca
tio

na
l 

le
ct

ur
e,

 t
es

t 
B:

 t
es

t 
im

m
ed

ia
te

ly
 a

fte
r 

le
ct

ur
e,

 t
es

t 
C

: 
te

st
 u

si
ng

 r
ef

er
en

ce
 p

ho
to

gr
ap

hs
. 

W
e 

co
un

te
d 

th
e 

nu
m

be
r

of
 c

or
re

ct
 a

ss
es

sm
en

ts
 o

ut
 o

f 
10

 a
ss

es
sm

en
ts

 i
n 

ea
ch

 t
es

t 
an

d 
ca

lc
ul

at
ed

 t
he

 a
ve

ra
ge

 o
f 

co
rr

ec
t 

as
se

ss
m

en
ts

 o
f 

th
e 

pa
rti

ci
pa

nt
s 

an
d 

co
m

pa
re

d 
th

em
 u

si
ng

 t
he

 W
ilc

ox
on

 s
ig

ne
d

ra
nk

 t
es

t.



PASI Education and Reference Photograph

Vol. 30, No. 3, 2018 287

Fig. 1. The inter-rater variability in the assessment of the affected (A) area, (B) erythema, (C) thickness, and (D) scale. The inter-rater 
variability, determined based on the deviation from the mean assessment for all participants, decreased in the assessment of the affected 
area and erythema after participation in the psoriasis area and severity index (PASI) educational lecture and while using the reference 
photographs. Test A: test before PASI educational lecture, test B: test immediately after lecture, test C: test using reference photographs. 
*p＜0.05.

Table 2. The intra-rater variability in psoriasis area and severity index (PASI) assessment analyzed based on the difference between 
the assessment of the same images presented twice in each test 

Test A-test B Test B-test C Test A-test C

Difference in assessments p-value Difference in assessments p-value Difference in assessments p-value

Area −0.125 ＞0.999 −1.728 ＜0.001 −1.853 ＜0.001
Erythema −0.067   0.183 −0.050 0.447 −0.117 0.001
Thickness −0.100   0.018 −0.058 0.099 −0.158 ＜0.001
Scale −0.122   0.001 ＜0.001 ＞0.999 −0.122 0.001

Values are presented as number only. Test A: test before PASI educational lecture, test B: test immediately after lecture, test C: test
using reference photographs.

for thickness, and p=0.002 for scale). Moreover, further 
improvements were noted in the assessment of the af-
fected area and erythema when the participants used the 
reference photographs (p=0.013 for the affected area and 
p＜0.001 for erythema). With the PASI educational lecture 
and the use of reference photographs, the accuracy of as-

sessment increased for all PASI components except the 
scale (p=0.010 for the affected area, p＜0.001 for eryth-
ema, p=0.025 for thickness). In contrast, the accuracy of 
the assessment of scale decreased when the reference 
photographs was used (p＜0.001).
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Intra-rater and inter-rater variability in PASI assessment 
decreased after PASI educational lecture and reference 
photographs

We analyzed the effect of the PASI educational lecture 
and the reference photographs on the intra-rater reliability 
of PASI assessments using the GEE model (Table 2). 
Analysis of the GEE model, adjusted for the five images 
used in the test, revealed that the difference in the assess-
ments of the same two images in each test was reduced af-
ter the PASI educational lecture and after viewing the ref-
erence photographs (p=0.001 for erythema and scale; p＜ 

0.001 for the affected area and thickness). After the PASI 
educational lecture, we observed less difference in the as-
sessment of thickness and scale (p=0.018 for thickness 
and p=0.001 for scale). Use of the reference photographs 
reduced the intra-rater variability only in the assessment of 
the affected area (p＜0.001). 
Both the PASI educational lecture and the reference pho-
tographs reduced the inter-rater variability of PASI assess-
ments. In the assessment of the affected area and eryth-
ema, the Wilcoxon signed rank test showed that the in-
ter-rater variability reduced in test B and test C than in test 
A (Fig. 1). In the assessment of the affected area, an im-
provement in the inter-rater variability was observed after 
the PASI educational lecture and while using the reference 
photographs (p=0.024 for image1, p=0.003 for image4, 
and p=0.001 for image5). In addition, the PASI educa-
tional lecture reduced the inter-rater variability for image4 
(p＜0.001) while the use of reference photographs re-
duced the inter-rater variability for image5 (p=0.013). In 
the assessment of erythema, the PASI educational lecture 
and the use of reference photographs reduced the in-
ter-rater variability (p＜0.001 for image2, p=0.034 for 
image3, and p＜0.001 for image4). We also found fewer 
deviations after the lecture (p=0.002 for image2 and 
p=0.007 for image4) and while using the reference photo-
graphs (p＜0.001 for image1, p=0.027 for image2, and 
p＜0.001 for image5). However, in the assessment of 
thickness and scale, there was no uniform change after 
participation in the PASI educational lecture or while us-
ing the reference photographs. 

DISCUSSION 

Education and training can improve accuracy and reli-
ability in the assessment of PASI2,5. In a previous study, we 
evaluated the effectiveness of PASI training on the accu-
racy and variability of PASI assessments and found that an 
in-person training course for PASI and the use of reference 
photographs increased the accuracy and inter-rater reli-

ability5. However, the number of participants and the im-
ages used in the test were small. Therefore, we were un-
able to elucidate the effectiveness of PASI training and the 
use of reference photographs or to develop an effective 
PASI training program and proper reference photographs 
that can be used in daily practice and clinical studies5. In 
the present study, we enrolled 96 board-certified derma-
tologists and residents and developed a new test with the 
help of medical statisticians to analyze the effectiveness of 
a PASI training lecture and the use of reference photo-
graphs for two parameters: the improvement of accuracy 
and the reduction of intra-rater and inter-rater variability.
In this study, we determined that a PASI educational lec-
ture and the use of reference photographs improved the 
accuracy of PASI assessment. The PASI educational lec-
ture, which consisted of an explanation of the general al-
gorithm for the PASI system and a description of how to 
grade the severity, improved the accuracy of all four com-
ponents of PASI. With the exception of the assessment of 
the affected area, the improvements in the other three 
components were statistically significant. The results sup-
port the effectiveness of conventional educational lectures 
for improving the accuracy of PASI assessments. In con-
trast, the use of reference photographs improved the accu-
racy of the assessment of the affected area and erythema. 
However, there were no significant improvements in the 
assessments of thickness or scale. In a previous study, we 
reported that the effectiveness of reference photograph us-
age was not identical for the four components of PASI, as 
the improvement in the assessment of erythema was larger 
than that of thickness or scale5. On the basis of the results, 
we speculated that the PASI evaluator needs to recognize 
the three-dimensional structure of psoriatic lesions when 
assessing thickness or scale (in the psoriatic lesions, scale 
is attached to skin). Two-dimensional reference photo-
graphs provide significant benefits during the assessment 
of the affected area and erythema, but have limited effec-
tiveness in improving the assessment of thickness and 
scale. 
The recent introduction of new treatment modalities has 
highlighted the need for reliable methods to compare the 
effectiveness of treatment2-4. However, it was reported that 
the PASI score, subjectively assessed by evaluators, 
showed substantial variability2,4. In this study, we devel-
oped a test comprised of five images shown twice and 
found that participation in a PASI educational lecture and 
the use of reference photographs reduced the intra-rater 
and inter-rater variability. The intra-rater variability, ana-
lyzed by comparing the differences in the assessments of 
the same images shown twice, decreased after participa-
tion in the PASI educational lecture and while using refer-
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ence photographs. The PASI educational lecture improved 
the reliability of the assessment of thickness and scale, 
while the use of reference photographs improved the reli-
ability of the assessment of the affected area. In addition, 
the inter-rater reliability in the assessment of the affected 
area and erythema was also improved after the lecture and 
while using the reference photographs. The results con-
firm the effectiveness of the PASI educational lecture and 
the use of reference photographs in improving the reli-
ability of PASI assessment.
The results of the study highlighted some factors that re-
quire improvement in the development of PASI educa-
tional lectures and reference photographs for use in daily 
practice and clinical studies. The effects of the PASI edu-
cational lecture and the use of reference photographs on 
the four components of PASI were not identical. Both the 
accuracy and reliability of thickness and scale assessments 
improved by the PASI educational lecture, while the as-
sessment of the affected area improved by the use of refer-
ence photographs. This suggests that the combination of 
conventional education and image-oriented education can 
improve the accuracy and reliability of all four compo-
nents of PASI. In addition, we observed limited effective-
ness with two-dimensional reference photographs in the 
assessment of thickness. This result suggests that educa-
tion for PASI assessments should include information on 
how to assess the three-dimensional structure of psoriatic 
lesions and suggests that three-dimensional photographs 
with embossing may be more helpful for use in daily prac-
tice and clinical studies in assessing the three-dimensional 
structure of psoriatic lesions. 
In this study, we elucidated the effectiveness of an educa-
tional lecture and the use of reference photographs for im-
proving the accuracy and reliability of PASI assessments. 
However, the effectiveness of educational lecture and the 
use of reference photographs was not identical for the four 
components of PASI, as the improvement in the assess-
ment of thickness and scale was limited. To improve as-
sessments in daily practice and clinical studies where the 
assessment of disease severity is essential, a combination 
of standardized educational training with well-established 
criteria for assessment and three-dimensional reference 
photographs with embossing will help to reduce the in-
nate drawbacks of PASI by increasing the accuracy and 
decreasing subjectivity and variability. 
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