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Abstract

This study aims to validate the STEM career interest survey (STEM-CIS) using Rasch model
approach. This study involved 572 junior high school students with 105 seventh-grade students,
124 eighth-grade students, and 343 ninth-grade students. The data were analyzed using Rasch
model, which included analysis of item validity and reliability, item fit order, Wright map analysis,
and DIF analysis. The results present that the STEM-CIS items show good measurement skills and
have logical predictive abilities. STEM-CIS items also have very good reliability, and most items
meet the item fit order test criteria. However, there are some items from the STEM-CIS that still
detect gender and grade level bias. This study provides evidence that the STEM-CIS items are
tested to be valid and reliable to measure students’ interest. In addition, this study also provides
evidence that some STEM-CIS items still detect gender and grade level bias.
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INTRODUCTION

Science, technology, engineering, and mathematics
(STEM) has a vital role in improving the country’s
quality of human resources and competitiveness. Several
countries face challenges to meet the needs of human
resources who have a career in the STEM field
(Regisford, 2021). Thus, students need to be equipped
with STEM skills to respond to future work and
economic development demands in the 21t century (Luo
et al,, 2019). Many educational programs have promoted
STEM to equip students with knowledge, skills, and
concerns about the field (Firman, 2015; Kopcha et al,,
2017). To evaluate the program’s success, several
researchers used instruments that can assess student
interest in STEM and improve quality of STEM teaching
and learning (Guzey et al., 2014; Tyler-Wood et al., 2010).

Several researchers have developed instruments to
measure students’ attitudes towards the four STEM
areas, but the instruments developed did not use items
that could measure the four areas in an integrated
manner (Adams et al., 2006; Lent & Brown, 2006; Oh et
al., 2013; Sjaastad, 2013; Tyler-Wood et al.,, 2010). A
number of these studies show that students’ attitudes
towards STEM are one of the goals of STEM education

development program. Although many studies are
conducted on students’ attitudes towards science
(Osborne et al., 2003) and mathematics, few studies
discuss students’ attitudes towards technology and
engineering (Guzey et al., 2014).

Kier et al. (2014) tried to develop the STEM career
interest survey (STEM-CIS) instrument to measure
student interest in STEM careers. The instrument
developed was used to obtain data on the validity and
interest of students in rural Southeastern America
towards STEM careers. Research on testing the STEM-
CIS instrument has also been carried out in Turkey
(Koyunlu Unlu et al., 2016). This study was conducted to
test the validity and reliability of the STEM-CIS
instrument using confirmatory factor analysis (CFA)
technique. Testing the validity and reliability of the
STEM-CIS instrument still needs to be done, especially
by using different methods and contexts.

In Indonesia, STEM education is an interesting issue
for researchers and practitioners in science education
(Firman, 2015). However, research on the development
and testing of instruments to measure students’” interest
in STEM careers has never been done. Therefore, this
study aims to validate the STEM-CIS using RASCH
model approach in the context of education in Indonesia.
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Contribution to the literature

e This research contributes to the literature on the importance of measuring students’ interest in STEM
careers after they are involved in STEM education in schools.
e This study also contributes to increasing the validity and reliability of the STEM-CIS instrument that has

been developed by Kier et al. (2014).

e The uniqueness of this study is the approach in analyzing STEM-CIS instruments using Rasch model that
has never been done by previous researchers. This approach can provide instrument bias data in terms of
gender and student level aspects, in addition to aspects of validity and reliability.

LITERATURE REVIEW

STEM Career Survey

STEM education is an approach that can accelerate
the availability of skilled human resources for future
jobs. However, some studies show that students are less
enthusiastic about STEM studies and careers. According
to several research reports, students’ low interest in
STEM is caused by low quality of STEM learning in
schools, students are not given access to engineering and
technology disciplines, lack of guidance from adults
who have knowledge or careers in STEM fields, and the
majority of students perceive science and mathematics
as a difficult subject (Drew, 2011; Scott & Martin, 2012).
Research results also show that interest in STEM declines
from the elementary to high school levels (VanLeuvan,
2004; Wells et al., 2007). Currently, research that aims to
find the causes of a decrease in students’ interest in
STEM is still very limited, especially when they are
about to enter the tertiary level. Therefore, teachers need
to promote STEM careers in the classroom from
elementary to high school level. Involving students in
STEM discussions in class can influence their interest in
the field and can increase self-efficacy before they enter
the tertiary level.

Research results show that involving students in
STEM courses both in and out of school can increase
their awareness of STEM careers (Avery, 2013;
Blanchard et al., 2012). In addition, the STEM education
model has also proven effective in increasing the
perception and involvement of elementary school to
post-secondary students regarding STEM level careers
(Ashby Plant et al., 2009; Stout et al., 2011; Zeldin et al.,
2008). Currently, there are several practitioners who
have developed instruments to measure students’
perceptions of STEM careers. Several instruments were
developed to measure student interest in STEM careers
at the secondary school level (Whitfield et al., 2008), and
when students already have career confidence (Skamp,
2007).

In addition, Tyler-Wood et al. (2010) also developed
two instruments, namely the STEM semantic survey and
the STEM career questionnaire. Both of these
instruments were validated by involving a population of
junior high school students to adults. The results of his
research show that these two instruments have proven
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effective in measuring students’ interest in STEM.
However, the results of this survey have not been able to
explicitly explain the factors that influence students’
interest in STEM careers.

Therefore, Kier et al. (2014) developed STEM-CIS,
which is linked to the socio-cognitive career theory
(SSCT). STEM-CIS was developed to measure the impact
of STEM education on student awareness and interest in
STEM careers in rural areas. This instrument is linked to
the SSCT with the aim of identifying factors that
influence students’ interest in STEM careers. The results
of his research show that the STEM-CIS developed is
proven to be psychometrically sound and can be used by
researchers or professional developers in the STEM field.
However, the developed instrument was only validated
for minority students in rural areas. In addition, the
developed instrument has not explicitly examined
instrument bias in terms of gender and student level
aspects. Therefore, STEM-CIS needs to be validated on
students with different contexts. In addition, the
developed STEM-CIS has not explicitly carried out item
bias detection.

Based on the previous study. we intend to conduct
STEM-CIS validation on students with different national
cultures and education. Furthermore, researchers used
Rasch Model approach to find out item bias from STEM-
CIS that had not been done by previous studies.

Rasch Model

Rasch model is an analytical model of item response
theory (IRT). IRT is an alternative measurement
framework apart from the classical test theory (CTT)
(Gorin & Embretson, 2007). CTT is a psychometric
technique that allows presumption of test results, for
example item difficulty and individual aptitude
(Alagumalai et al, 2005). Meanwhile, IRT is a
psychometric technique that focuses on the response
given by an individual to a certain test item, which is
influenced by the quality of the item and the individual’s
background. IRT is more complex than CTT in terms of
calculations but has more advantages when compared to
CTT (Gorin & Embretson, 2007). According to Magno
(2009), the estimated difficulty level of the questions in
IRT remained the same for two different samples, but not
in CTT. In addition, the IRT item difficulty index was
more constant than the CTT. Moreover, in IRT, the
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Table 1. The distribution of research subjects
Number of students

School 7t grade 8t grade 9th grade
School A 20 30 90
School B 40 50 120
School C 15 20 63
School D 30 24 70
Total 105 124 343

internal consistency of the test did not change for the two
different samples but became unstable in CTT. In
addition, IRT has much smaller measurement errors
than CTT.

Rasch model is one parameter, which is the simplest
IRT model and has strong measurement properties. The
probability that people get the same item correctly uses
two parameters in Rasch model, namely item difficulty
and people’s ability (Bond & Fox, 2015). According to
Wright (1977), there are many benefits of using Rasch
model in test measurements. First, Rasch model can
evaluate whether the item is fit and identify whether
there is an item bias. Second, the item calibration is not
affected by the ability of the sample, meaning it is sample
free. Third, the calibration standard error can be used to
check the precision of each item. Fourth, Rasch model
can estimate the difficulty of questions from various
samples and convert them into a general scale. Fifth, the
abilities of two people can be compared even though
they have no items in common by transforming the
ability estimates into a common scale. Sixth, Chi-square
of person fit can be used to assess measurement quality.

METHODOLOGY

Research Design

This research was conducted using a survey method
on junior high school students in Cianjur. Most science
teachers in this district have received training on STEM-
based learning and a coaching program on scientific
literacy and learning. Many students involved in
research have also never received integrated STEM-
based learning.

Sample and Data Collection

This study involved 563 junior high school students
in one of the districts in West Java, Indonesia. The
students were grouped into three grade levels, including
105 seventh-grade students, 124 eighth-grade students,
and 343 ninth-grade students. Seventh-grade students
consist of 71 girls and 34 boys. Eighth-grade students
consist of 101 boys and 23 girls, while ninth-grade
students consist of 206 girls and 137 boys. Students
involved in the research were distributed across several
schools, as shown in Table 1.

Instrument and Procedure

The instrument used in this study is an adaptation of
the STEM-CIS instrument developed by Kier et al.
(2014). The authors developed STEM-CIS associated
with SCCT, consisting of five aspects: self-efficacy,
personal goals, outcome expectations, personal input,
and contextual support. SCCT is a theory based on social
cognitive theory. Kier et al. (2014) developed STEM-CIS
through six stages, including

(1) reviewing the literature to develop scale items,

(2) creating a broader set of items,

(3) testing items,

(4) conducting a structural analysis to determine
which items to be excluded from the item set,

(5) performing factor analysis, and
(6) determining the subdimensions.

The STEM-CIS developed has four sub-dimensions:
science, technology, engineering, and mathematics. Each
sub-dimension consists of 11 scale items, so that the total
scale items developed are 44 items. Possible answers to
the items are expressed in the form of a Likert scale,
which includes strongly agree (5), agree (4), neutral (3),
disagree (2), and strongly disagree (1).

STEM-CIS is adapted to Indonesian. The research
team carried out the adaptation with the consent of the
authors (Kier et al.,, 2014). The researcher translated
STEM-CIS into Indonesian. Experts then reviewed the
instrument from two fields, two experts from science
education and one from the Indonesian language. Based
on the expert review, four items are not used, and 40
items are eligible to be tested. These items represent four
STEM sub-dimensions consisting of seven items of self-
efficacy, personal goals, six items of outcome
expectations, 12 items of personal inputs, and four items
of contextual support.

The process of collecting data in this study was
carried out by distributing the STEM-CIS questionnaire
through the google form. Questionnaires were given to
four teachers who teach science in four different schools.
The teacher was assigned to distribute the questionnaire
to students in grades 7, 8, and 9. Each student was given
30 minutes to fill out the STEM-CIS questionnaire. The
data on the number of students who filled out the
questionnaire showed that the most were ninth-grade
students, and the least was seventh-grade students, as
shown in Table 1.

Data Analysis

The data obtained from the STEM-CIS instrument
were analyzed using Rasch model. The data is processed
in Microsoft Excel and then imported into Winsteps
software version 3.73. STEM-CIS was validated through
content validity and internal consistency reliability.
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Table 2. Summary of statistics

Table 3. Analysis of item fit order

Person Item Item M I- MNSQ O-MNSQ O-ZSTD  PMC
n 572 40 S1 0.48 112 1.61 2.30 0.32
Measure (logit) S2 0.15 1.06 1.35 1.70 0.38
Mean -1.89 0.00 S3 -2.49 1.19 1.41 3.70 0.68
Standard deviation 1.33 0.95 S4 -1.73 1.09 1.19 2.20 0.58
Standard error 0.06 0.15 22 '(?2’32 }(1)‘; 1%; 328 8;2
Oult\il‘z;llean sqtiare 0.98 0.98 S7 -0.56 1.01 1.19 1.40 0.48
Standard deviation 0.64 0.27 gg (())6116 }8‘; (1)32 828 82‘;
;‘zfl’laaﬁﬁ’“ é'gg 8'5 s10 018 1.14 131 1.80 0.40
B y ’ ’ S11 0.13 1.15 1.55 2.60 0.35
Cronbach’s alpha 0.92 si2 025 1.07 1.08 0.50 0.38
Raw variance explained by measures  28.6% 513 197 0.98 0.92 20.90 0.65
S14 -1.78 0.97 0.93 -0.80 0.63
In addition, the analyses of item reliability, item S15 -0.56 0.96 0.89 -0.90 0.51
separation, person reliability, and person separation S16 0.39 0.96 0.79 -1.00 0.42
were also carried out in this study. The level of S17 0.07 1.06 1.03 020 0.40
conformity of each STEM-CIS item was tested with S18 0.64 0.95 110 0.50 0.38
o . . 519 -0.46 0.96 1.07 0.50 0.49
several criteria: outfit mean-square (MNSQ), outfit z- %0 0.53 111 144 1.70 0.33
standardized (ZSTD), and point-measure correlation g5 051 0.96 0.77 1.00 0.40
(PMC). Wright maps are used to visualize students’ gp» 0.83 0.84 0.50 2.00 0.41
abilities and item difficulty levels comprehensively. g3 1.36 0.89 0.78 2260 0.62
Person-fit analysis was performed using three criteria, 524 -0.63 1.01 1.00 0.10 0.50
including MNSQ, ZSTD, and PMC. Differential item S25 -0.07 0.94 0.77 -1.40 0.47
functioning (DIF) was also conducted to identify item S26 ~ -0.28 0.94 0.79 -1.50 0.49
bias on gender and grade level of students. 527 -1.09 0.91 0.80 -2.10 0.59
528 -0.21 0.95 091 -0.50 0.47
529 -0.43 0.97 0.83 -1.20 0.50
FINDINGS/RESULTS S30 0.01 1.02 0.94 -0.30 0.43
In this study, quantitative data were analyzed to 531 128 0.95 0.78 -0.60 0.32
validate STEM-CIS using Rasch model. The analysis was ggg (1)2213 822 8% "}Zg 82?
conducted to determine whether the STEM-CIS ' ) ' ‘ '
. ; . S34 0.23 0.92 0.82 -0.90 0.44
instrument was following Rasch modeling. Also, an g3z 048 0.9 078 110 040
analysis was also conducted to test whether STEM-CIS 3¢ 1.75 0.94 137 0.90 0.29
items contain a gender and students” grade level bias. 337 1.50 0.97 0.77 -0.50 0.30
The content validity of the STEM-CIS was identified 538 116 0.91 0.67 -1.00 0.35
S39 0.43 0.89 0.57 -2.20 0.44

by measuring the suitability of the items (Baghaei, 2008).
The results of the item fit analysis (Infit MNSQ and outfit
MNSQ) are used to measure the suitability of the STEM-
CIS. In Table 2, the outfit MNSQ value of the items is
close to 1.00 with acceptance criteria from 0.5 to 1.5
(Bond & Fox, 2015). In addition, Cronbach’s alpha (KR-
20) was used to assess the internal consistency of
students’” answers (Sekaran, 2003). The value of
Cronbach’s alpha obtained from the test results is 0.92.
This result shows that the internal consistency of the
student’s answer pattern is in the “very good” category
(Sumintono & Widhiarso, 2015). Furthermore, the value
of raw variance explained by measures obtained from
the test is 28.6%. These data indicate that the items used
are very productive for measurement and have
reasonable predictive abilities (Sumintono & Widhiarso,
2015).

The item reliability index estimates the replicability
of the placement of items in the item hierarchy and the
variables measured if this same item is given to a sample

4/8

Note. M: Measure; I: Infit; & O: Outfit

of other people who have similar abilities (Bond & Fox,
2015).

Based on Table 1, the reliability of the items is in the
“very good” category. In addition, the results of the
analysis also show that the reliability value of students’
answers is in the “good” category. This analysis
indicates that the quality of the STEM-CIS instrument
has high reliability, and the consistency of answers from
students is very good.

MNSQ, ZSTD, and PMC values are used to determine
the item fit criteria (Bond & Fox, 2015). The range of
acceptable MNSQ is 0.5<MNSQ<1.5. For ZSTD, the
range of acceptable values is -2.0<ZSTD<2.0.
Meanwhile, the range of acceptable values for PMC is
0.4<PMC<0.85. If the items from the STEM-CIS
instrument do not meet these three criteria, it can be
concluded that the items are not good enough or need to
be improved. Based on the results of item fit analysis,
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Figure 1. Analysis of Wright map on STEM-CIS items
(Source: Authors” own elaboration)

most of the STEM-CIS items meet the item suitability
criteria, as shown in Table 3.

Only three items do not meet the item fit criteria:
items 1, 11, and 22. This finding shows that most of the
developed STEM-CIS items can be understood well by
the respondents.

Wright map analysis was also carried out on STEM-
CIS items, as shown in Figure 1. The results of Wright
map analysis showed that the S3 item was the most
difficult item for respondents to agree on. Item S3 asks
respondents’ opinions about their motivation to learn
science related to their future careers. This finding also
means that most of the respondents do not agree that
studying science can equip them in choosing a career in
the future. Item S36 is the most difficult item for
respondents to agree on. In addition, the items that are
quite difficult for respondents to agree on sequentially
include S27, S23, S4, S14, and S13. The item that the
respondents most easily approved was item S36. At the
same time, the items that the respondents quite easily
approved included S11, S2, S34, 512, S16, S1, S20, S21,
S33, S35, S39, S6, S18, S8, 522, 540, S38, S31, S32, and S37.

——F
—M

DIF Measure (diff.)

-3

Figure 2. DIF analysis based on gender (Source: Authors’
own elaboration)

The results of Wright map analysis indicate that most of
the respondents are easy to give an agreed response to
the statements on the STEM-CIS instrument.

Analysis of DIF of STEM-CIS on Gender

DIF analysis was conducted to examine differences in
the responses of test items based on gender. An item is
said to have a DIF if it has a t-value less than 2.0 or more
than 2.0, a DIF contrast value less than 0.5 or more than
0.5, and a p-value (probability) less than 0.05 (Boone et
al., 2014; Bond & Fox, 2015).

The results of the DIF analysis based on the gender
on the STEM-CIS items indicate that several items have
detected gender bias, as shown in Figure 2. These items
include: S3, 54, 510, S13, S14, S19, 521, 525, 528, S31, S35,
and S36. All these items get probability values below 0.05
after the DIF test. Women than men more easily approve
items S3, S4, S10, S13, S14, and S19. While men than
women more easily approve items 521, 525, 528, S31,
S35, and S36.

Analysis of DIF of STEM-CIS on Grade Level

DIF analysis was also carried out to detect item bias
based on grade level, as shown in Figure 3. The results
of DIF analysis based on grade level aspects show seven
biased items, namely 513, 515, 520, 521, 525, S37, and S38.

The results of the DIF analysis show that the 513 item
is biased at grade level because seventh and eighth-
grade students tend to agree with the statement
compared to grade 9. In item S15, bias is also detected
because seventh and ninth-grade students are more
likely to agree with the statement than eighth grade. In
item 520, eighth and ninth-grade students had more
difficulty agreeing with the statement than seventh
grade. 521 and S25 were biased because seventh-grade
students had more difficulty agreeing with eighth and
ninth grade. The last two items that were detected bias
were items S37 and S38. In these two items, eighth-grade
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Figure 3. DIF analysis based on grade level (Source:
Authors” own elaboration)

students have more difficulty agreeing with statements
than seventh and ninth-grade students. Thus, items 513,
S15, S20, S21, S25, S37, and S38 need to be considered
again when they are used to explore students’ interest in
STEM careers.

DISCUSSION

This study aims to validate the STEM-CIS developed
by Kier et al. (2014) with Rasch model. The results
showed that the developed STEM-CIS had high validity
and reliability. This indicated that the instrument can be
used to identify students’ interest in careers in the STEM.
In addition, the item fit analysis also showed good
results. This can be interpreted that the STEM-CIS are
quite understandable by students, and they do not
experience misconceptions in answering these items. In
addition, Wright’s map analysis also shows that the
majority of respondents have a fairly high interest in
STEM careers. The majority of respondents are quite
easy to respond agreeably to the STEM-CIS items.
Students” interest in STEM career needs to be followed
up with an integrated STEM education program in
schools. In line with the research of Guzey et al. (2014),
which stated that teaching approach used by teachers to
teach STEM subjects plays important role in student
learning in STEM subjects and in developing their
interest in STEM careers (Guzey et al., 2014).

The results of the DIF analysis showed that some of
STEM-CIS items indicated gender bias. These findings
provided information that STEM-CIS needs to be
reviewed before being used to identify students” interest
with gender differences. The results of this study also
provided information that students’ interest in STEM
careers is strongly influenced by gender. The findings of
this study emphasize that experiences and attitudes
developed during school make an important
contribution to differences in interest in STEM careers
based on gender aspects. This finding is in line with
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Sadler et al. (2012), which states that the interest in STEM
careers of female and male students is highly dependent
on their learning experience at school. Those who have
high scores in these four fields tend to be more interested
in a career in STEM (Sadler et al., 2012).

DIF analysis was also performed to detect item bias
based on grade level. The results showed that there were
seven items that detected class level bias. However, in
general the items developed were free from class-level
bias. This shows that STEM-CIS are feasible to use to
measure students at different levels. This finding also
provides information that all students have no difficulty
in answering items developed even though at different
levels.

CONCLUSION

This research was conducted by involving 572 junior
high school students from three schools in Indonesia.
The results show that the STEM-CIS items match Rasch
model measurements very well. STEM-CIS items show
good ability in measurement and have logical predictive
ability. STEM-CIS items also have very good reliability.
Based on the fit order test, only three items do not meet
the item fit order criteria: S1, S11, and S22. Therefore,
these three items need to be reconsidered before being
used for measurement. The results of the DIF analysis
also show that 12 items are detected gender bias,
including items S3, 54, S10, S13, S14, S19, S21, 525, S28,
531, S35, and S36. The five items are detected grade-level
bias, including S13, 515, S20, S21, S25, S37, and S38.
These findings indicate that Rasch model is appropriate
for detecting item bias, particularly gender and grade
level.. Therefore, the results of this study can provide
empirical evidence that the STEM-CIS items can be used
in different educational contexts from where these items
were first used. In addition, the STEM-CIS can also be
used as a valid survey tool to measure students’ interest
in STEM.
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