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Abstract

This paper utilized the two-parameter logistic IRT model to analyze survey
data of the Mental Health Diagnostic Test (MHT) administered to students in
grades 4 - 6 at an elementary school. The findings indicate that the data aligns
with the basic assumptions of IRT, and the parameter estimation for most
items meets theoretical expectations. Since deleting certain items does not
lessen the test’s information, it is suggested that 10 or 15 items be considered
for revision.
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1. Introduction

According to the World Health Organization (WHO), health is “not merely
the absence of disease or physical weakness, but the physical, mental, and so-
cial well-being of the individual”. Mental health, as an integral component of
health and well-being, refers to an individual’s capacity to adjust their psycho-
logical state to cope with stress while adhering to social norms and cultural
constraints. It also refers to the ability to take action to enhance one’s own life
(Zheng et al., 2004). Mental health is a lifelong process that varies across dif-
ferent life stages.

Developing a positive mindset during adolescence has a significant impact on
an individual’s future life trajectory and is associated with their accurate percep-
tion of their personal life, family, and society. However, the academic commu-
nity is more concerned with the mental health of college students, high school
pupils, and mature adults (Zheng et al., 2008). Until the Guidelines for Mental
Health Education in Elementary and High School were released in 2002 by the
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Ministry of Education, the mental health of elementary school students went
largely unnoticed. The goals of these initiatives were to foster strong character
and mental health, as well as to enhance the well-being of students who have
experienced psychological distress or problems by providing timely and effective
interventions.

Appropriate and effective interventions require accurate evaluation as a ne-
cessary precondition. There are two categories of mental health assessment in-
struments: those that evaluate mental health from either a positive or negative
perspective. For example, the Child and Adolescent Depression Inventory
(CDI), and the Child and Adolescent Anxiety Scale (RCMAS) are intended to
address specific emotions and symptoms. Those that measure mental health ho-
listically take into account both positive and negative feelings, including the
Mental Health Diagnostic Test (MHT), the Chinese Middle School Students’
Mental Health Inventory, and Symptom Checklist 90 (SCL-90).

Such assessment instruments used in China, however, have a few issues (Liu,
2003; Zheng et al., 2008). First, scales imported from abroad do not take into
account the moral beliefs and behavioral traits valued by Chinese culture, mak-
ing it challenging to accurately measure the intended constructs for Chinese
elementary school students. Second, the imported scales may be outdated since
their time of introduction and revision may have been many years ago, which
could be detrimental to their applicability. Third, most of these scales focus on
negative psychological traits like depression, anxiety, and compulsion, which
may not accurately reflect the real-life experiences and developmental challenges
faced by elementary school students. Therefore, scholars (Liu, 2003; Zhang & Su,
2015; Zhang et al., 2004; Zheng et al., 2008) have developed mental health meas-
ures for elementary school students.

The Mental Health Diagnostic Test compiled by Zhou (1991) serves as a
common instrument to measure the mental health status of primary and high
school students in China (Lin et al., 2010; Li et al., 2017; Xi et al., 2021). The
scale has been developed over many years, and only Chen (2002), Zheng et al.
(2004), Zheng et al. (2005), and Wei & Ren (2009) have proposed revisions in
their studies on high school or elementary school students, respectively. Chen
(2002), Zheng et al. (2004), and Zheng et al. (2005) considered it unrealistic to
limit responses to just “yes” or “no.” Therefore, they modified the original
2-point scoring system to a 5-point Likert-type scale. They also revised the
wording of several items to administer a survey to high school students. After
analyzing the data, they concluded that the items in MHT could be reduced to
83, 69, and 69 items, respectively. By contrast, Wei & Ren (2009) maintained the
2-point scoring system in their investigation of elementary school students and
suggested 59 items in their conclusion.

These revisions from the previous studies are mainly based on the item analy-
sis of Classical Test Theory (CTT). But the CTT approach suffers from three
major theoretical limitations in practical application (Rusch et al., 2017). First,

CTT assumes a linear relationship between the latent variable and observed
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scores, which rarely reflects the empirical reality of behavioral constructs.
Second, parameters such as item discrimination and item difficulty depend on
the sample being used. In other words, varying results are obtained when the
identical test is given to different samples. Third, the reliability of CTT is closely
linked to parallel measures. However, the true score cannot be estimated direct-
ly, or it can only be determined by making unrealistic assumptions. Comparing
these two methods, in a study by Zhu and Zhang (2003), it was found that Item
Response Theory (IRT) yielded more accurate results for personality tests than
CTT method.

Thus, the present study aims to use the IRT approach to analyze the Mental
Health Diagnostic Test (MHT) and make applicable suggestions for revising the

items of it.

2. Method

2.1. Measures

The Mental Health Diagnostic Test (MHT) (Zhou, 1991), designed for students
from Grade Four in elementary school to Senior Three in high school, is a wide-
ly used mental health assessment scale for primary and high schools in China.
The full scale consists of one validity sub-scale and eight sub-scales, including
learning anxiety, sensitive tendency, loneliness, self-blame, allergy tendency,
physical symptoms, horror tendency, and impulsive tendency, totaling 100
items. The scale uses a two-point scoring system, where each question requires
the subject to choose either “yes” (1 point) or “no” (0 points) based on their ac-
tual situation. The higher the total score, the worse the mental health status. 65 is
the cut-off point in the total score, above which the presence of certain psycho-

logical problems is considered.

2.2. Sampling and Subjects

A total of 1497 students in 33 classes from grade 4 to 6 in an elementary school
were selected using convenience sampling and were given a questionnaire with
the MHT test. After excluding incomplete responses, garbled answers, and ques-
tionnaires with validity scale scores greater than or equal to 8, there were 1183
valid questionnaires (see Table 1), resulting in a response rate of 79%. With a
threshold score of 65, the positive screening rate was 1.69% (20 out of 1183),
which closely aligns with the 1.7% screening rate reported by Yu et al. (2019) for
7672 students in grades 3 - 6 in Guangxi, China. This suggests that the study

Table 1. Respondents’ sex and grade.

Sex Grade 4 Grade 5 Grade 6 Total
Boy 217 177 237 631
Girl 201 159 192 552
Total 418 336 429 1,183
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sample is somewhat representative of the target population.

2.3. Statistical Model

The MHT test is a two-point scale, which is not affected by random or guessing
responses under normal circumstances. Therefore, the two-parameter logistic
model (2PL) of the IRT method was utilized to conduct statistical analysis using

the Stata 15.0 program.

3. Results
3.1. Test for IRT Assumptions

Before estimating the parameters of the IRT model, hypothesis testing should be
conducted on the data to prevent drawing biased conclusions. Item response
theory has three fundamental assumptions: unidimensionality, local indepen-
dence, and monotonicity.

Unidimensionality means that only one of the potential traits measured by all
the items in the scale plays a determining role. If this assumption is violated, the
items are not homogeneous, making it difficult for the IRT model to accurately
estimate the parameters of the items and their ability. Among the methods re-
lated to testing unidimensionality, the eigenvalue ratio is the most commonly
used (Wang & Zhou, 2018). Since the items of the MHT test are all on 2-point
scales, it is appropriate to use the tetrachoric correlation matrix for factor analy-
sis (Mislevy, 1986; Muthén, 1989; Uebersax, 2000). The results (see Table 2)
showed that after excluding the validity scale, the first eigenvalue of each subs-
cale was substantially larger than the second eigenvalue. The eigenvalue ratios
for all subscales and the total scale, except for physical symptoms, were greater
than 3, conforming to the general criterion for unidimensionality that the
first-factor eigenvalue is 3 to 5 times the second-factor eigenvalue. Nonetheless,

one subscale had a slight violation of this assumption. According to Guo et al.

Table 2. The factor eigenvalues of MHT subscales.

First-factor ~ Second-factor  First-factor Eigenvalue

Scale eigenvalue eigenvalue % of Variance ratio
Total scale 18.20 3.59 0.84 5.06
Learning Anxiety 3.92 1.09 0.78 3.59
Interpersonal Anxiety 2.59 0.50 0.84 5.19
Loneliness Tendency 2.90 0.48 0.86 6.04
Self-blame Tendency 3.16 0.83 0.79 3.81
Allergic Tendency 2.70 0.46 0.85 5.82
Physical Symptoms 4.31 2.56 0.63 1.68
Horror Tendency 4.10 0.54 0.88 7.65
Impulsiveness Tendency 3.59 0.52 0.87 6.90
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(2005), there is no absolute criterion for unidimensionality. Thus, they suggested
that the model could still be robust and provide accurate estimates even if the
assumption of unidimensionality is slightly violated.

Local independence refers to the phenomenon where the subjects’ responses
to an item are solely based on their trait level, unaffected by the test content,
item order, or test procedure of other items (Henning, 1989). In conducting the
test, on the one hand, it is to determine whether the subjects answered truthfully;
on the other hand, it is to determine whether there is content dependence or
correlation between the items (Luo, 2012). The methods to test this assumption
include residual correlation, chi-square test, G2 test, Q3 test, etc. (Wang & Zhou,
2018). However, these methods are not suitable for a 2-point scale. For dicho-
tomous items, Liu and Maydeu-Olivares (2013) found that methods with higher
test power typically required the calculation of the information matrix. However,
when applied to tests with many items (more than 30 questions), the ability to
identify poor performance is reduced. Therefore, according to Henning (1989),
if the data fit the assumption of unidimensionality, local independence can be
considered equivalent in practical applications.

Monotonically increasing refers to the concept that as the potential trait 8 in-
creases, the probability of the subject answering “1” also increases. It can be
shown as the item characteristic curve, which is an S-shaped curve with an in-
creasing trend from left to right (Yang et al., 2012; Yang & Kao, 2014). Since the
content of the MHT items is negatively formulated, higher total scores indicate
that mental health is likely to be poorer. This is reflected in the item characteris-
tic curve, where the greater the latent trait 0 (indicating poorer mental health),
the more likely it is that the response to an item will be “yes.” From the item
characteristic curve (see next section), it can be intuitively observed that all 89
items meet this assumption, except for Item 9, which displays a horizontal line.
The data used in this paper collectively adhere to the assumptions of Item Re-
sponse Theory (IRT) and are appropriate for estimating item parameters, as well

as for analyzing item information and test information.

3.2. Estimation of Parameters

For item analysis based on IRT, item quality can be assessed in terms of item
discrimination and item difficulty (see Table 3). Item discrimination (a) is gen-
erally considered acceptable when it falls within the range of 0.3 < a < 3 (Han et
al., 2013). It is commonly believed that items with negative discrimination
should be eliminated (Yang & Kao, 2014). In the MHT test, no items with nega-
tive discrimination but four items with a discrimination estimate of less than 0.3,
suggested that these four items are unable to effectively differentiate the mental
health status of the subjects:
e Item 1: “When you are going to sleep at night, do you always think about
tomorrow’s homework?”

e Item 9: Do you want to excel in every exam?
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Table 3. Item parameters of MHT.

Learning Anxiety

Interpersonal Anxiety

Loneliness Tendency

Self-blame Tendency

item a b

item a b

item a b

item a b

ql 027 —0.09
2 091 071
3 083 0.9
g4 068 -1.56
Q5 077 -041
g6 067 -1.06
qQ7 060 —0.89
8 089 -032
qQ© 003 8081
qi0 085 —0.13
qll  1.05 —0.03
ql2 076 245
ql3 054 093
qu4a 072 113

ql5 1.10 1.03

qi6  1.09 039
ql7 120 035
ql8 067 331
q19 068 —0.55
Q20 059 261
Q@1 068 197
Q@2 079 129
Q@3 091 082
Q4 084 -—124

@25 111 -0.16

Q@26 024 111
Q@27 052 2.02
@8 133 098
q29 094 224
Q30 026  0.82
@31 155 070
Q32 078 196
Q33 078 150
QPB4 064 218

Q35 094 138

Q36  1.04 —0.02
@37 098 -0.53
Q38 094 042
@39 074 -097
q40 076 —0.64
g4l 069 046
q42 085 045
@43 093 012
q44 088 —0.83

q45 046 086

Allergic Tendency

Physical Symptoms

Horror Tendency

Impulsiveness Tendency

item a b

item a b

item a b

item a b

q46 031 -524
q47 077  1.03
q48 072 0.01
q49  1.04 -0.93
q50 079 -1.71
g51 090  0.90
Q52 067 123
q53 130 —0.36
q54 113 —0.96

q55  1.04 -0.72

Q56 077 -0.74
q57 032 2.00
58 113 128
59 111 -037
q60 088 1.4
q61 128  0.74
g62 058  1.32
q63 099 048
64 125  0.56
q65 133 020
Q66 079  1.79
Q67 055 246
q68 080 378
Q69 123 172

q70 073 3.03

qQ71 054 012
qQ72 129 06l
qQ73 117 118
qQ74 098 081
qQ75 091 139
qQ76  1.05 174
qQ77 086 1.8
q78 068  2.02
qQ79  1.00  0.44

q80 142 039

@81 L1l 0.99
Q83 133 079
Q85 121 079
q87 110 087
q89 098 035
@l 071 138
q93 099 122
Q95 042 433
Q97 118 119

Q9 129 073

Note: a: Item Discrimination; b: Item Difficulty.
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e [Item 26: Do you not always laugh when your classmates are laughing?
e Item 30: Do you choose not to participate when your classmates are talking?

In addition, the theoretical range of item difficulty (b) is [-eo, +oo], which typ-
ically falls between [-3, +3] (Luo, 2012). The lower the difficulty value, the more
likely subjects answer “yes” to the item. For example, if Item 9 has a difficulty
value of b = —80.81, 89.01% of the subjects chose “yes” for this item. This sug-
gests that the item is too common, and most people tend to answer positively
even if they do not have a mental health condition. On the other hand, a diffi-
culty value that is too high indicates that only a minority of subjects answered
“yes” to agree with the item content. For example, Item 95 with a difficulty value
of b = 4.33, only 14.45% of the subjects chose “yes” for this item.

As a result, six items with a difficulty estimate greater than 3 indicated that
only a few respondents had thoughts or experiences with these topics. The items
are listed as follows.

e Item 9: the same as listed above.

e Item 18: If you lose a game or a competition with someone else, then you
don’t want to do it anymore?

e Item 46: Do you always sincerely want to do something good for the class?

e Item 68: Do you often lick your fingers?

e Item 70: Do you go to the toilet more often than others?

e Item 95: Do you have to get what you want?

Furthermore, the item characteristic curves also illustrate the probability of
responding “yes” to the latent trait. As depicted in Figure 1, the estimated
probabilities of the sub-scales, such as Loneliness Tendency, Self-blame Ten-
dency, Horror Tendency, and Impulsiveness Tendency, exhibit consistent pat-
terns across trait levels. This indicates that the curves of items within a certain
sub-scale are more similar. In contrast, the curves of the items are more dis-
persed in subscales such as Learning Anxiety, Interpersonal Anxiety, Allergic
Tendency, and Physical Symptoms. This suggests significant differences in the
estimation of items at a specific level of the latent trait. Among these items,
items 9, 46, and 57 were undifferentiated, suggesting that most respondents were
likely to answer “yes.”

e Item 9, Item 46: the same as listed above.

e Item 57: Do you blush when you are shy?

3.3. Item Information Functions

The amount of information provided by each item was further analyzed. The
more information an item provides, the more precise the measurement will be.
Items measured with greater precision offer more information and are graphi-
cally represented as longer and narrower compared to those with less informa-
tion. For instance, when the level of discrimination is too low (<0.3), the items
may offer insufficient information for estimating the latent traits of the subjects.

As can be seen from the item information curves (see Figure 2), some items
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Figure 1. Item characteristic curves.
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Figure 2. Item information function curves.
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exhibited flat curves, suggesting that these items provided minimal information

regardless of the respondents’ inclination toward mental health issues. The items

are listed as follows.

e item 9, item 26, item 30, Item 46, Item 57: the same as listed above.

e item 42: Do you participate in sports competitions such as table tennis, bad-
minton, and gymnastics, paying special attention whenever you make a mis-
take?

e Item 43: Do you find it difficult to cope with challenging situations when you
encounter them?

e [Item 44: Do you sometimes regret not doing that thing?

e Item 52: Are you particularly sensitive to the sound of the radio and cars?

3.4. Test Information Functions

The test information function (see Figure 3) reflects the relationship between
the contribution of information to the overall test in evaluating different levels of
traits. The richer the information provided by the test, the more accurate the test
is in evaluating those levels of traits. The test information curve, as shown in
Figure 3, indicates that the MHT test is a reliable measure for subjects with a
trait level of 0 = 0.5. After excluding 10 ineffective questions (1, 9, 18, 26, 30, 46,
57, 68, 70, 95) or 15 questions (adding 42, 43, 44, 47, 52 to the previous 10), there
was only a minor change in the test information function, indicating that the ex-

cluded items might have minimal impact on the assessment of mental health

status.
o |
[3Y
[l
=
2
S
E o
£
R=i
@
o
=
0 4
Delete 0 item Delete 10 items Delete 15 items
o4
T T T T T
-4 -2 0 2 4
0

Figure 3. Test information function.

4. Conclusion

In this study, we analyzed the MHT test using the 2PL model to examine the
performance of each item and subscales in terms of item discrimination, item

difficulty, item information function, and test information function. The results
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showed that most of the items met the theoretical requirements in terms of item
difficulty and item discrimination. After removing undifferentiating or easy
items, the test information curve rarely changed significantly. The findings sug-
gest that deleting these items could be considered to reduce the questionnaire
length and prevent biased evaluation or intervention on the subjects.

This conclusion is supported by the opinions of research subjects. During data
collection in the field, many participants mentioned feeling fatigued after com-
pleting the test, which consisted of 100 items and took approximately 25 mi-
nutes. Therefore, it was feasible to reduce the number of items without com-
promising the quality of the test. According to interviews with teachers and stu-
dents, the 5-point scale, in comparison to the original dichotomous choice, can
more accurately reflect the various levels of responses to each item and align
better with the actual circumstances of the subjects.

Currently, most psychological tests and assessments utilize CTT-based me-
thods for item analysis. Using the IRT method to screen items and revise scales
is also a beneficial strategy for enhancing the accuracy of such tests. If the two
methods can be effectively combined and complement each other, a more accu-

rate scale could be obtained.
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