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Abstract
The purpose of this paper is to apply the Bookmark method to the standard setting. Based on the Rasch Model in item 
response theory, a ninth-grade mathematics achievement test in china has been taken as an example of the standard setting, 
and 2 cut scores have been established to distinguish students into different performance levels eventually, namely basic 
and proficient cut scores. In addition, based on the use of generalizability theory, the standard error of the cut scores and 
the practical standard error are used as indicators to explore the effect that panelists and the standard setting rounds have 
made on the precision of Bookmark standard setting results through a mixed design of (p: g) × r. Result shows that the cut 
scores of basic and proficient were respectively 52.25 and 67.53. Besides, increasing the number of panelists in the group or 
standard setting rounds will reduce the standard error of the cut scores and the practical standard error. In addition, practical 
standard error is a necessary reference index when applying generalizability theory to analyze the cut scores established by 
Bookmark method, while the standard error of cut scores also has a great reference value.

Keywords Standard setting · Bookmark method · Rasch model · Item response theory · Generalizability theory

Introduction

Chinese national vocational qualification certificates are 
divided into two types: vocational license and vocational 
certification. Vocational license, the employment threshold 
established by specific laws, is also called administrative 
licensing professional qualification certificate in China. A 
worker must obtain a certificate before taking up the occu-
pation, while obtaining the certificate requires professional 
education and training (Xiao & Guo, 2015). The passing 
threshold of these vocational qualifications is generally 60 
or 70 points, a customary standard long been established, as 
well as in school examinations. However, it is arbitrary and 
subjective to determine the passing level based on definite 

point, because no reasonable basis of theory as proved that 
60 or 70 points represent the passing level.

The increasing use of computer assessment has brought 
unprecedented research opportunities to education and 
psychology. Most large-scale educational tests in devel-
oped countries, such as European countries and the United 
States, use standard-setting to determine which examinees 
have attained a target level of performance (Skaggs et al., 
2020). In the history of standard setting, some scholars 
keep coming up with numerous standard-setting methods, 
hoping to establish the most appropriate one by using sci-
entific procedures, such as Nedelsky method (1954) and 
Angoff method (1971). With the application of computers 
in education and psychometrics, the Bookmark method 
proposed by Lewis et al. (1996b) has combined the item 
response theory (IRT) and Angoff’s concept, making it 
more convenient to establish multiple cut scores in a sin-
gle test, and to apply it to some more complex mixed test. 
Similar to the Angoff method, the Bookmark method also 
calls upon panelists to make a related judgment, but the 
task is structured differently (Clauser et al., 2017). The 
Bookmark method uses the computer software Winsteps 
to analyze the information function. It can calculate the 
difficulty value of the test items and the ability value of the 
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subjects. Through the intelligent sorting of the computer, 
an Ordered Item Booklet (OIB) can be formulated, and the 
panelists can set Bookmarks to make standard settings. 
Bookmark method is one of the most popular standard-
setting methods owing to its benefit of relatively simpler 
to operate for panelists than other methods.

Chinese researchers have also noticed the application of 
foreign standard-setting methods and have tried to apply 
them to domestic educational examinations. Zhang and 
Zhang (2005) first proposed the usage of the Bookmark 
method to define the passing score of vocational qualifica-
tion examinations in China. Lu and Xin (2007) have com-
pared the two standard-setting methods of the Angoff and 
the Bookmark and found that the reliability of the Angoff 
is slightly worse than that of the Bookmark. Taking one of 
the advanced education curriculums, advanced mathemat-
ics, as example, Wang (2014) has used Bookmark method 
to set standards after the test and finally determined four 
cut scores of different performance levels, namely excellent, 
good, qualified and unqualified. In addition to the practi-
cal application of Bookmark method, Chen and Xin (2008) 
have used Reckase’s analogy method to discuss three kinds 
of estimating methods of cut scores and the effect that the 
two response probability values have made on the cut scores 
setting by a single judge in the first round of standard-setting 
in the Bookmark method.

After setting cut scores, Brennan (2000) pointed out that 
researchers are required to test how much the cut scores 
would be changed after repeating the entire process. The 
standard error of cut scores can quantify the change of the 
cut scores in the repetition process, so it has become an indi-
cator that attracts the most attention of researchers in the 
standard-setting process. For example, Brennan and Lock-
wood (1980), Kane and Wilson (1984) and Lee and Lewis 
(2008) have respectively applied the generalizability theory 
to study the variation of the standard error of cut scores set 
by the Nedelsky method (1954), Angoff method (1971) and 
Bookmark method.

Many researchers advocate applying generalizability the-
ory to analyze the error sources of standard-setting (Clauser 
et al., 2014). However, processes and tasks of different 
methods in standard setting procedure are not the same, so 
different methods have different error sources. As a result, 
there will be more than one standard error of cut scores 
corresponding to different methods. For the analysis of 
Bookmark method, few studies have been done on applying 
generalizability theory at home and abroad. Only Lee and 
Lewis (2001, 2008) and Chen and Zhang (2009) have tried 
to apply the generalizability theory to analyze the standard 
error of cut scores set by the Bookmark method. However, 
as for the practical standard error, only Lee and Lewis have 
put forward some relevant concepts, which have not been 
applied to practical research by any researchers so far.

Overall, few literatures have studied on the Bookmark 
standard-setting method in China, even fewer on apply-
ing generalizability theory to analyze the error sources of 
cut scores. This research takes the ninth-grade mathemat-
ics achievement test as an example, uses the Bookmark 
method to set standards, and determines the cut scores of 
basic and proficient performance levels. At the same time, 
the GENOVA software, the analysis tool of generalizability 
theory, was implemented to analyze the error sources, to 
probe some problems about the standard error of cut scores 
and the practical standard error, and to detect the optimal 
measurement design.

Method

Materials and panelists

The research materials include a ninth-grade mathematics 
achievement test and the answers of 1,000 ninth-grade stu-
dents to the test.

The panelists that implemented the Bookmark standard-
setting method include 12 experienced teachers (50.0% 
males), graduated from junior college (16.7%) and under-
graduate schools(83.3%), entitled in three class (2 for senior, 
6 for the first class, 4 for the second class),and were from 
3 current teaching grades (6 for Grade ninth, 3 for Grade 
eighth, and 3 for Grade seventh).

Procedure and scoring task

The process of standard setting can be understood as a trans-
lation of policy decisions (Tiffin-Richards et al., 2013). In 
this study, Bookmark method was used to carry out the 
standard setting procedure of cut scores for the ninth-grade 
mathematical achievement test, referring to the practice of 
CTB/McGraw-Hill (Lewis et al., 1996a). The panelists’ 
task is to place a Bookmark between the items that the just 
barely qualified examinee would be able to answer correctly 
with a probability greater than the response probability (RP) 
criterion from the items they would not be able to answer 
correctly.

The 12 panelists were assigned to four groups randomly 
and averagely, each group had both male and female teach-
ers. The leader of each group was chosen randomly as well. 
This standard-setting would be carried out for 3 rounds. In 
each round, panelists need to place two Bookmarks to estab-
lish two cut scores (Wyse, 2015).

Data sources

Data used to proceed Bookmark method were obtained 
from answers to the achievement test of 1000 ninth-grade 
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students. Two cut scores were set to classify the students’ 
performance into three levels: level 1 (below basic), level 
2 (basic), level 3 (proficient). Details are shown in Table 1.

The Winsteps software was used to calculate the item 
difficulty and the correspondent ability value of each item. 
When calculating the cut scores, PI method was used, which 
took the item difficulty and ability of the previous subject 
as the estimates of the cut score. SPSS17.0 was also used to 
analyze the cut scores obtained by Bookmark method.

G design

Measurement object

The measurement object in this study are basic and profi-
cient cut scores.

Measurement facets

Three measurement facets are mainly discussed, which are 
panelist facet (p), group facet (g), and round facet (r). All of 
them are random facets.

G study design

In the Bookmark standard setting procedure, 12 panelists 
are randomly assigned into four separated groups, and each 
group performs three rounds of setting cut scores, so the 
design of G study is a mixed design that panelist facet nested 
in group facet cross round facet, namely (p: g) × r, and the 
linear model of cut score is as follows:

In Eq.  (1), Xpgr represents the observed value of cut 
scores, � represents the general average, �g , �p∶g , �r , �gr , 
�pr∶g represent the effect of groups, panelists nested in 
groups facet, discussion rounds of cut scores, the interac-
tion of panelists and the discussion rounds, and the interac-
tion of panelists nested in group and the discussion rounds, 
respectively.

(1)Xpgr = � + �g + �p∶g + �r + �gr + �pr∶g

D study design

Based on the practical demands, this passage mainly dis-
cusses the effect of panelist group and setting round. Thus, 
we need to explore their effect on cut scores by setting 
different number of group members and setting rounds. 
Next, we will generate multiple D study designs based on 
different number of panelists n�

p
 and setting rounds n�

r
 . 

While in this study, we consider respectively how will the 
two facets affect the standard setting results in the two 
cases that n�

p
 varies from 1 to 10 and n�

r
 varies from 1 to 10.

Based on the G study and D study designs above, the 
calculation equation of standard error (SE) of cut scores 
is as follows:

In Eq.   (2) ,  �̂2(P ∶ G) ,  �̂2(G) ,  �̂2(R) ,  �̂2(GR) , 
�̂2(PR ∶ G) represent the estimate of variance component 
of, the panelist facet nested in the group facet, the group 
facet, the round facet, the interaction of the group facet and 
the round facet, the interaction of panelist facet nested in 
group and round facets, respectively.

Generalizability design of additional students’ scores

This study attempts to explore the application of practical 
standard error in empirical researches, which is regarded 
as the index to judge the results of cut scores. Therefore, it 
is also necessary to calculate the absolute error variance of 
students' scores through G study and D study in generaliz-
ability theory,σ̂2

(

Δs

)

 . In G study design, students’ perfor-
mance is object S (Student), and the content of the test, C 
(Content), is content (category) facet, so G study design is 
a unilateral S × C mixed design. In D study design, default 
D study can be carried out because only the absolute error 
variance of students’ scores in this test needs to be calcu-
lated (that is n�

s
= ns and n�

c
= nc ). Similarly, the calculation 

equation of absolute error variance of students' scores can 
be obtained as follows:

In Eq. (3), �̂2(C) represents the estimate of variance 
component of content facet, while �̂2(SC) represents the 
estimate of variance component of the interaction of stu-
dent facet and content facet.

To sum up, the estimate equation of practical standard 
error is as follows:

(2)

SE =

√

√

√

√

�̂2(P ∶ G)

n
�

p
n

�

g

+
�̂2(G)

n
�

g

+
�̂2(R)

n
�

r

+
�̂2(GR)

n
�

g
n

�

r

+
�̂2(PR ∶ G)

n
�

p
n

�

r
n

�

g

(3)�̂2
(

Δs

)

= �̂2(C) + �̂2(SC)

Table 1  Performance level descriptions

Performance Level Performance Level Descriptions

Basic 1. Master the basic mathematics knowledge
2. Meet the requirements in the syllabus

Proficient 1. Have solid knowledge of mathematics
2. Be able to apply the knowledge to reality
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Analytical tool

GENOVA 3.1 designed by Crick and Brennan (1983), is 
an analytical tool of generalizability theory. In this study, it 
was used to calculate the estimates of variance component 
of each facet and the interaction of each facet. The equations 
mentioned above were used to calculate the estimate of the 
standard error of cut scores.

Results

The results of Bookmark standard setting

Apply IRT to analyze the results

Item difficulty The ninth-grade mathematics achievement 
test used in this research consists of 40 operational multi-
ple-choice items, 1000 answers of which were selected in 
Guangzhou. Based on the Rasch model in item response 
theory (single parameter), Winsteps software was used to 
calculate each item difficulty of the test, and the items are 
sorted and numbered (serial number) according to the item 
difficulty order. Table 2 shows the statistics (in logits) of 
each item based on the Rasch Model analysis, ranging from 
-2.06 to 1.92. The easiest item is item 1 (-2.06 logits), and 
the most difficult one is item 21 (1.92 logits).

Students’ ability The Winsteps software was used to obtain 
the students’ ability value of 1000 selected students in grade 
9, as shown in Table 3.

Since the final cut scores are raw scores, and standard 
setting group members are not familiar enough with stu-
dents’ ability. To solve this, we convert the students’ ability 
to raw scores. In this study, students' ability and raw scores 
obtained by Winsteps software in Table 3 were imported into 
the computer. SPSS17.0 was used for linear regression, and 
the equation was obtained as follows:

In Eq. (5), Y represents raw score, and L represents stu-
dents’ ability. This relation can be used to make the com-
parison table between the students’ ability and raw scores.

The ability of MCC at basic (proficient) cut score In Book-
mark method, panelists need to determine for each test 
whether the correct response probability (RP) of minimally 

(4)�̂(Δpra) =

√

�̂2
(

Δs

)

+ �̂2
(

Δl

)

(5)Y = 14.845L + 49.13

competent candidate (MCC) at basic (proficient) cut score 
is 67%.

This research adopts the item response theory model 
(Rasch model) for:

The response probability (RP) is 0.67. Set Pmi =
2

3
 , the 

equation can be transferred into the following one simply:

(6)Pmi =
exp

(

�m − �i
)

1 + exp
(

�m − �i
)

Table 2  Ordered item statistics

Item Measure Serial number Item Measure Serial number

1 -2.06 1 20 0.07 21
4 -1.77 2 13 0.08 22
5 -1.3 3 23 0.09 23
12 -1.13 4 33 0.21 24
4 -0.89 5 35 0.24 25
22 -0.78 6 25 0.28 26
2 -0.7 7 27 0.32 27
36 -0.52 8 3 0.34 28
17 -0.51 9 6 0.44 29
31 -0.5 10 37 0.51 30
34 -0.47 11 39 0.55 31
29 -0.44 12 11 0.6 32
9 -0.44 12 38 0.63 33
26 -0.4 14 16 0.82 34
30 -0.36 15 19 0.99 35
32 -0.031 16 10 1 36
28 -0.19 17 24 1.16 37
31 -0.17 18 15 1.16 37
7 -0.09 19 40 1.57 39
18 0.04 20 21 1.92 40

Table 3  Students’ ability statistics

Raw score Ability Raw score Ability Raw score Ability

12.5 -2.19 45 -0.23 75 1.25
17.5 -1.75 47.5 -0.11 77.5 1.41
20 -1.57 50 0 80 1.57
22.5 -1.40 52.5 0.12 82.5 1.75
25 -1.25 55 0.23 85 1.95
27.5 -1.10 57.5 0.35 87.5 2.18
30 -0.96 60 0.47 90 2.45
32.5 -0.83 62.5 0.59 92.5 2.79
35 -0.70 65 0.71 95 3.24
37.5 -0.58 67.5 0.84 97.5 3.98
40 -0.46 70 0.97 100 5.21
42.5 -0.34 72.5 1.11
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As shown in Table 4, the ability to answer a question 
correctly with RP of 0.67 can be calculated according to 
the relationship between student ability 

(

�m
)

 and item dif-
ficulty 

(

�i
)

.

Descriptive statistics of cut scores Table 5 shows the cor-
responding item difficulty and cut scores to the three basic 
Bookmarks placed by the 12 panelists after three rounds of 

(7)�m = In2 + �i
discussion. As shown in Table 5, the minimum cut score 
of basic level obtained by panelists after the first round is 
46.21 and the maximum is 60.61. After the second round of 
standard setting, the minimum is 47.84 and the maximum 
is 56.6. While after the third round, the minimum is 47.84 
and the maximum is 56.6. Additionally, two panelists set the 
same cut score in three rounds.

Similarly, Table 6 shows the corresponding item difficulty 
and cut scores to the three proficient Bookmarks placed by 
the 12 panelists after three rounds of discussion.

Generalizability analysis results of Bookmark 
standard setting

G study results

Table 7 shows the estimates of variance component and 
the proportion of difference component in G study at basic 
level. It can be seen from Table 7 that GENOVA takes 0 
automatically when the estimated value of partial variance 
component is negative. Shavelson and Webb (1991) have 
pointed out that the negative variance component could 
be taken as 0 first when the calculated variance compo-
nent is negative. In the setting of basic level cut score, 
the estimate of the variance component of, the interaction 
of panelists nested in groups and standard setting rounds 
(pr:g), panelists nested in groups(p:g), groups (g), inter-
action of groups and standard setting rounds (gr), rounds 
(r) are gradually decreased, which account for 59.06%, 
32.81%, 6.95%, 1.18%, and 0.00%, respectively. Among 
them, the variance component estimate of r is 0, indicat-
ing that standard setting rounds have made no effect on 
basic cut score. However, the estimate ratio of the variance 
component of p:g is relatively large, indicating that there 

Table 4  Ability with the correct response probability (RP) of 0.67

Item Ability Item Ability

1 -1.36685 21 2.613
2 -0.00685 22 -0.08685
3 1.033 23 0.783
4 -1.07685 24 1.853
5 -0.60685 25 0.973
6 1.133 26 0.293147
7 0.603147 27 1.013
8 -0.19685 28 0.503147
9 0.253147 29 0.253147
10 1.693 30 0.333147
11 1.293 31 0.523147
12 -0.43685 32 0.383147
13 0.773 33 0.903
14 0.193147 34 0.223147
15 1.853 35 0.933
16 1.513 36 0.173147
17 0.183147 37 1.203
18 0.733147 38 1.323
19 1.683 39 1.243
20 0.763147 40 2.263

Table 5  Corresponding item 
difficulty and cut score (basic) 
to the bookmarks placed by 
panelists

Panel-ists Round 1 Round 2 Round 3 Mean Standard error

Difficulty Cut score Difficulty Cut score Difficulty Cut score

1 -0.5 52.00 -0.4 53.48 -0.7 49.03 51.50 2.27
2 -0.31 54.82 -0.19 56.60 -0.47 52.44 54.62 2.09
3 -0.52 51.70 -0.19 56.60 -0.19 56.60 54.97 2.83
4 -0.47 52.44 -0.47 52.44 -0.31 54.82 53.23 1.37
5 -0.44 52.89 -0.7 49.03 -0.31 54.82 52.25 2.95
6 -0.47 52.44 -0.47 52.44 -0.44 52.89 52.59 0.26
7 -0.47 52.44 -0.19 56.60 -0.44 52.89 53.98 2.28
8 -0.52 51.70 -0.36 54.08 -0.47 52.44 52.74 1.22
9 -0.44 52.89 -0.44 52.89 -0.44 52.89 52.89 0.00
10 0.08 60.61 -0.47 52.44 -0.47 52.44 55.16 4.72
11 -0.89 46.21 -0.7 49.03 -0.78 47.84 47.69 1.42
12 -0.78 47.84 -0.78 47.84 -0.78 47.84 47.84 0.00
Mean — 52.33 — 52.79 — 52.25 52.46 —
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are certain differences in the judgment of the cut score 
of the basic level among the panelists in the groups. It is 
worth mentioning that the variance component proportion 
of pr:g is the largest, and it may be due to the interaction 
between the panelists nested in groups and the standard 
setting rounds, or some other stable error sources at the 
setting stage of basic cut score.

As same as the basic level, in the proficient level, the 
estimate of the variance component of, the interaction of 
panelists nested in groups and standard setting rounds 
(pr:g), panelists nested in groups(p:g), groups (g), inter-
action of groups and standard setting rounds (gr), rounds 
(r), are gradually decreased, which account for 73.26%, 
26.74%, 0.00%, 0.00% and 0.00%, respectively. Among 
them, the variance component estimates of g, r, gr are 0, 
indicating that groups, standard setting rounds and inter-
action of groups and standard setting rounds have made 
no effect on proficient cut score, while explanations of 
the remaining two error sources are the same as the basic 
level above.

D study results

In view of the current application of generalizability 
theory in the standard setting field, only the variation of 
standard error of cut scores is investigated. That is, only 
the standard error of cut scores is taken as the index to 
measure the reliability of the results of standard setting. 
And the generalizability coefficient ( Eρ2 ) and reliability 
(φ) are taken as the reliability reference index. So this 
study only took the cut scores in basic level as an example 
and explored the reliability index in general D study.

Take basic level as an example, Fig. 1 shows corre-
sponding reliability (φ) of different numbers of panelist 
and round in D study (basic). It can be seen from the figure 
that if panelist numbers in the groups are the same, reli-
ability coefficient will be gradually increasing with the 
increase of the number of standard setting rounds; If the 
number of standard setting rounds remains the same, the 
reliability coefficient also increases with the increase of 
the panelist numbers in the group.

Figure 1 shows the changing situation of reliability (φ) 
of different numbers of panelist and round in D study. It 
can be more intuitive to see from Fig. 1 that as the increase 
of panelist number, corresponding reliability coefficient 
of each round also increases, but the extent of increase 
gradually reduces, and the same rule also appears when 
the number of standard setting round increases. It is worth 
noting that when the round number is greater than 6, cor-
responding reliability of the panelist in each group are 
leveling off, and when the panelist number is greater than 
7, the increasing trend of corresponding reliability of the 
panelist in each group is not obvious, indicating that the 
ideal precision of the reliability in the practical application 
is achieved when the number of standard-setting rounds is 
6 and the number of panelists is 7.

Table 6  Corresponding 
item difficulty and cut score 
(proficient) to the bookmarks 
placed by panelists

Panel-ists Round 1 Round 2 Round 3 Mean Standard error

Difficulty Cut score Difficulty Cut score Difficulty Cut score

1 0.04 60.01 0.21 62.54 0.55 67.58 63.38 3.85
2 1.16 76.64 0.82 71.59 0.55 67.58 71.94 4.53
3 0.08 60.61 0.55 67.58 0.55 67.58 65.26 4.02
4 0.51 66.99 0.55 67.58 0.55 67.58 67.38 0.34
5 0.55 67.58 0.55 67.58 0.55 67.58 67.58 0.00
6 0.55 67.58 0.55 67.58 0.55 67.58 67.58 0.00
7 0.28 63.04 0.55 67.58 0.55 67.58 66.07 2.62
8 0.28 63.04 0.24 62.98 0.55 67.58 64.53 2.64
9 1.16 76.64 0.55 67.58 0.55 67.58 70.60 5.23
10 0.55 67.58 0.55 67.58 0.55 67.58 67.58 0.00
11 0.51 66.99 0.51 66.99 0.51 66.99 66.99 0.00
12 0.63 68.77 0.55 67.58 0.55 67.58 67.98 0.69
Mean — 67.12 — 67.06 — 67.53 67.24 —

Table 7  Variance components estimates of (p:g) × r design in G study 
(basic)

* GENOVA automatically takes 0 when EMS result is 0

Variation df SS MS Variance 
components 
estimate

Percentage of 
the total vari-
ance

g 3 69.556 23.185 0.721 6.95%
p:g 8 130.667 16.333 3.403 32.81%
r 2 1.722 0.861 0.000* 0.00%
gr 6 38.944 6.491 0.122 1.18%
pr:g 16 98.000 6.125 6.125 59.06%
Total 35 338.889 52.995 10.370 100.00%
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In addition, variance estimate of different panelist num-
ber of each group and standard setting round also can be 
obtained in D study, then (1) substitute the estimate into 
Eq. 4 and obtain standard error of cut scores under different 
condition; (2) substitute the estimate into the estimation of 
the absolute error variance of the cut scores �̂2

(

Δl

)

 , and 
finally the practical standard error �̂(Δpra)  can be obtained 
by substituting it into Eq. 7.

Generalizability design of additional students’ score

Table 8 shows the estimate of variance component of the 
G study of additional student’s score, the proportion of dif-
ference components and the estimate of variance of each 
effect studied in default D study. It can be seen from Table 8 
that in S × C design of the G study, variance components 
estimates of item content category (C), student (S), inter-
action of student with the item content category (SC) are 
gradually decreased, accounting for 74.44%, 14.20% and 
11.36% respectively. The variance component estimate of 
C is the maximum, which may be caused by the differences 
between item content categories, in other words, students 
may did well in category 1(such as: number and algebra) 
while did very badly in category 2 (such as: graphics and 

geometry), indicating that there is a big difference in the 
students' mastery of different content categories in this test. 
In the default D study, the variance estimates of the effect 
of σ̂2(C)、σ̂2(S)、σ̂2(SC) are 297.422, 56.726 and 45.382, 
respectively. It can be used to calculate the variance esti-
mate of absolute standard error σ̂2

(

Δs

)

 of students’ scores 
and finally calculate the practical standard error σ̂(Δpra) by 
substituting it into Eq. 7.

Standard error and practical standard error

In basic level, the minimal standard error of cut scores is 
1.06508, while the maximal is 3.22031. Figure 2 shows the 
changing situation of standard error of cut scores in different 
number of panelists in group and standard setting rounds 
(basic).

According Fig.  2, when the number of standard set-
ting round is more than 4 and the panelist number of each 
group remains unchanged, variation trend of standard error 
of cut scores is not obvious, but when the panelist number 
of each group increases and the number of standard set-
ting round still remains unchanged, there is a downward 
change of the standard error of cut scores and the reduction 
is getting smaller gradually; in proficient level, the minimal 

Fig. 1  The changing situation 
of reliability (φ) of different 
numbers of panelist and round 
in D study (basic)

Table 8  Variance estimate of 
S × C design in G study and 
�̂
2
(�) in default D study

*α is the effect corresponding variance source

Variance source df SS MS Estimate of vari-
ance component

Proportion of the 
total variance

�̂2(�)*

S 940 159,968.289 170.179 56.726 14.20% 56.726
C 2 559,839.801 279,919.900 297.422 74.44% 297.422
SC 1880 85,317.439 45.382 45.382 11.36% 45.382
Total 2822 805,125.529 280,135.461 399.530 100.00% 399.530
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standard error of cut scores is 0.53083, while the maximal is 
15.58333, and the standard error of cut scores also appears 
similarly to the changing trend in basic level. That is, no 
matter in basic level or proficient level, there is a downward 
change of the standard error of cut scores with the increase 
of panelist numbers in group and standard setting rounds, 
and the reduction is getting smaller gradually. However, the 
overall variation of the standard error of cut scores in pro-
ficient level is greater than that in basic level, showing that 
there is greater disagreement among the panelists in setting 
proficient cut scores. Besides, the increase of panelist num-
ber in group and standard setting round can significantly 
reduce standard error of cut scores.

This paper followed the hypothesis of practical stand-
ard error raised by Lee and Lewis (2008), assuming that 
students’ scores and cut scores are independent, thus it 
can be inferred that estimate of practical standard error 
�̂(Δpra) consists of absolute error variance of students’ 
score �̂2

(

Δs

)

 and cut score �̂2(Δ) . Meanwhile, based on 

the practical definition of practical standard error, it is 
also known that estimate of practical standard error is cor-
responding to a test and a specific student groups, because 
with the change of students, the absolute error variance of 
students’ score �̂2

(

Δs

)

 will subsequently change. Finally, 
practical standard error will also change. In this study, 
�̂2
(

Δs

)

 is constant and its calculated value is 342.80406. 
In basic level, the minimal practical standard error is 
18.54558, and the maximal one is 18.79294.

Figure 3 shows the change of practical standard error in 
basic level, which is less numerically and graphically.

According Fig. 3, when the number of standard set-
ting round varies from 1 to 4, practical standard error 
will decrease slowly. When the number of standard set-
ting round is greater than 4, the practical standard error 
is reaching the same, while when panelist number in 
group is greater than 2, the practical standard error is also 
approaching to the same; In proficient level, the minimal 
practical standard error is 18.52258, and the maximal one 

Fig. 2  The changing situation 
of standard error of cut scores 
in different number of panelists 
in group and standard setting 
rounds (basic)

Fig. 3  The changing situation 
of practical standard error of cut 
scores in different number of 
panelists in group and standard 
setting rounds (basic)
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is 24.20009, showing that the difference of practical stand-
ard error is relatively large under different conditions. In 
proficient level, the change of practical standard error is 
less numerically and graphically, too. When the number of 
standard setting round is larger than 4 and panelist number 
in group remains unchanged, the trend of change of practi-
cal standard error is not obvious. When the panelist num-
ber in group increases and the number of standard setting 
round remains unchanged, the range of reduction of prac-
tical standard error is large, while the range of reduction 
of practical standard error is getting smaller and finally 
tends to be gentle gradual when panelist number in group 
is greater than 4.

Discussion

Results of cut score

Effect of extreme decision value

In this research, cut scores which are above or below 
two standard deviations of the average in each round are 
regarded as a possible extreme value. By analyzing the 
basic and proficient level cut scores established by each 
panelist group, it is found that in basic level, the average 
cut score is 52.33 and the standard deviation is 3.49, while 
cut score established by team member 10 is 60.61, belong-
ing to extreme value. Except that, all cut scores estab-
lished by the panelist groups in three rounds are within 
two standard deviations of average scores. Therefore, the 
result of the standard setting is slightly affected by the 
extreme value.

Consistency of setting results of panelist group

This study used the method suggested by Jaeger (1991), and 
Buckendahl et al.(2009) that judging whether the cut score 
established by the standard setting group in each round is 
within a reasonable variation by the rule that the standard 
deviation of the cut scores obtained in each round of stand-
ard setting is less than 2.5. It was found that the standard 
error of cut scores in the first round was greater than that 
in the second and third round through the analysis of the 
cut scores in basic and proficient level established by the 
standard setting group. However, in terms of the standard 
deviation of cut scores in the third round, it is far below 
the recommended level in proficient level and it is slightly 
above the recommended level in basic level. As a result, the 
cut scores of the ninth-grade mathematics achievement test 
changes in a reasonable range.

Recitation of execution of Bookmark method

Bookmark method is the most commonly used standard-
setting method in the United States currently and it is usually 
used to establish cut scores in many large state examina-
tions. Compared with other standard-setting methods (such 
as the Angoff method), Bookmark method enables panelists 
to focus on the possible performance of the examinees rather 
than the item difficulty (Buckendahl et al., 2002). The study 
(Hambleton & Pitoniak, 2006) pointed out that, compared 
with other methods, Bookmark method is favored by many 
standard setting panelists, who could easily obtain satisfac-
tory cut scores by placing Bookmarks. Karantonis and Sireci 
(2006) reviewed the past literature and found that if the rel-
evant procedures are performed properly, Bookmark method 
is not only a relatively new technology, but also can obtain 
proper cut scores according to the content standards.

Although Bookmark method is easy to operate for pan-
elists, more preparation should be made to make the OIB 
before setting standards. In addition, since the sorting diffi-
culties of OIB are based on the examinees’ answer, and there 
is a possibility that the examinees may guess the test answer, 
panelists may disagree with the order of OIB, which leads 
to lower cut scores (Karantonis & Sireci, 2006; Lewis et al., 
1996a). Finally, the judgment used in Bookmark method 
depends on the whole test rather than a separate item, so a 
new standard may need to be established when the content 
of the test changes greatly (Buckendahl et al., 2002).

Although there are some shortcomings in Bookmark 
method, due to the reality consideration (teachers need to 
have lessons and funds are limited, they need to complete the 
setting in one day), if panelists use the method of checking 
one by one, it will inevitably take them a lot of time. Thus, 
considering the principle of “simple, easy to understand and 
to perform”, using Bookmark method to set standard of the 
ninth-grade mathematics achievement test is thought to be 
the most appropriate method.

Optimal measurement design

The main purpose of applying generalizability theory to the 
standard setting is to classify various error sources of the 
test and determine the optimal measurement design, so as 
to ensure the accuracy and at the same time to carry out the 
most economical way of the standard setting next time. Gen-
eralizability coefficient used to be taken as the indicator of 
the precision or reliability in general generalizability analy-
sis, but for standard setting, standard error of cut scores is 
often used as the indicator, at the same time, this study will 
also attempt to explore the application of practical standard 
error. As a result, if the cost of adding one more person in 
each group (personnel cost) is the same as the cost of add-
ing one more standard setting round (round cost), optimal 
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measurement design in Bookmark standard setting will be 
discussed by using standard error of cut scores and practical 
standard error as indicators respectively in the following.

Take standard error as the indicator

In basic level, it can be seen from Fig. 2 that when the num-
ber of standard setting round is greater than 4, the change of 
standard error of cut scores is not obvious, while when the 
panelists in each group is greater than 6, increasing a pan-
elist can only slightly reduce the standard error. So ideally, if 
the standard error of cut scores is taken as the indicator, the 
optimal measurement design of the basic level is 6 panelists 
and 4 rounds. Currently, the standard error of cut scores is 
1.25439.

Similarly, the optimal measurement design of the profi-
cient level is 7 panelists and 5 rounds. Currently, the stand-
ard error of cut scores is 0.92143.

In practical application, if there is little difference among 
standard errors of cut scores of the optimal measurement 
design in different levels, the larger standard error value is 
suggested to set as the uniform value of the standard error 
for cut scores of optimum measurement designs in the whole 
standard setting, making sure that a more economical and 
practical measurement design is explored without decreasing 
the minimum precision. Take the above situation for exam-
ple, because the standard error of cut scores of the optimal 
measurement design of the basic level is higher than that of 
the proficient level, the standard error of basic level is taken 
as the uniform value for all levels.

Take practical standard error as the indicator

It can be seen from Fig. 3 that when round number is greater 
than 2, there is not obvious change in practical standard error 
in basic level, while when the panelist number in each group 
is greater than 4, with the increase of panelists, practical 
standard errors tend to be equal. Ideally, if practical standard 
error is taken as the indicator, the optimal design in basic 
level of is 4 panelists and 2 rounds, with the practical stand-
ard error of 18.57961.

Similarly, in proficient level, if practical standard error 
is taken as the indicator, the optimal measurement design is 
4 panelists and 6 rounds, with the practical standard error 
of 18.57704.

The basic principle of selecting the optimal measurement 
design in Bookmark standard setting method is to select the 
most economical design from all the optional measurement 
designs under certain measurement precision. The optimal 
measurement designs above are found on the basis of the 
assumption that personnel cost and round cost are equal, 
but in fact, they are often unequal. As a result, in practice, 
if the personnel cost is higher than round cost, It is better 

to appropriately increase the round number and reduce the 
panelist number, and vice versa.

Discussion on standard error and practical standard 
error

Practical standard error is generally much larger than stand-
ard error of cut scores in this study. Because standard error 
of cut scores is only influenced by error sources involved 
in Bookmark method, while practical standard error is not 
only influenced by error sources involved but also students’ 
test error. Meanwhile, the absolute error variance estimate 
of students’ scores is much greater than that of cut scores in 
this study. There is a large variation in the process of testing 
and a student's score does not necessarily reflect his or her 
true ability. Therefore, practical standard error is generally 
much larger than standard error of cut scores, which should 
be mentioned especially in the practical application of stand-
ard reference examination and standard setting. If cut scores 
can only accurately reflect the ability of students in differ-
ent levels, but cannot classify students of different ability 
levels, then it has lost its practical significance and value, so 
the errors also need to be controlled in the test design and 
measuring process.

Based on the reasons above, in the application of the gen-
eralizability theory in Bookmark standard setting, practical 
standard error must be calculated as one of the reference 
indicators, which is an important indicator to reflect the 
accuracy of cut scores in classifying students from different 
ability levels in practical application. If the practical stand-
ard error is large, then decision makers need to make careful 
judgments or increase other auxiliary reference materials 
to make more reasonable judgment. At the same time, it is 
also necessary to explore the reasons for the large practical 
standard error, find out whether the absolute error variance 
of students’ scores or that of cut scores has influenced the 
practical standard error, and explore further reasons for it.

In practice, although there is little practical significance 
of referring the standard error of cut scores when practical 
standard error is larger. When it is small, standard error of 
cut scores has great reference value. It is worth mentioning 
that if there is a large standard error in cut scores, the deci-
sion makers may need to review the whole process and apply 
the new process to obtain the cut scores after revising.

It is worth noting that this paper is only an exploratory 
empirical study on practical standard errors, and the practi-
cal standard errors discussed above are calculated based on 
the assumption of Lee and Lewis (2001). And it is inevitable 
that the process of information feedback will be involved 
in the actual operation of standard setting. Thus, students’ 
scores and cut scores are not entirely independent. Addi-
tionally, students’ scores will be used as feedback during 
the standard setting rounds. As a result, according to the 
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Equation, Cov
[(

SSs − TSSs
)

∙
(

CSl − TCSl
)]

≠ 0 , the prac-
tical standard error should be lower than that in this paper.

The variance component of G study results 
is negative

This study exists negative standard errors of cut scores both 
in the basic level and proficient level. In basic level, the 
estimate of the actual variance component of R was—0.469; 
in proficient level, the value of G, R and GR were -2.550, 
-0.852 and -3.271, respectively. Shavelson and Webb (1991) 
pointed out that if the negative estimate is relatively small, 
it might be caused by sampling error. However, when it is 
relatively large, it needs to consider whether the selected 
measurement method is appropriate or not. Since the esti-
mates of negative variance component above are relatively 
small, they are likely due to sampling error.

Conclusion

In this study, Bookmark method was applied to standard set-
ting, taking the ninth-grade mathematics achievement test 
as an example. The cut scores of basic level and proficient 
level are 52.25 and 67.53 respectively.

Assuming that the personnel cost is comparable to round 
cost and the standard error of cut scores is taken as the index, 
the optimal measurement design of basic level consists 6 
panelists in each group and 4 standard setting rounds, while 
that two number of proficient level are 7 and 5; If the practi-
cal standard error is taken as the index, the optimal measure-
ment design of basic level consists 4 panelists in each group 
and 2 standard setting rounds, and that of proficiency level 
are 4 and 6, respectively.

Whether in the basic level or proficient level, increasing 
the panelist number or the standard setting rounds will help 
reduce the standard error of cut scores and practical standard 
error, and the reduction is getting smaller gradually.

In conclusion, the practical standard error in the appli-
cation of generalizability theory analyzing the Bookmark 
standard setting results is a necessary reference indicator. 
And the standard error of cut scores is also very important, 
which is of great reference when measuring the reliability 
of cut scores.
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