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GEN-Z PRE-SERVICE SCIENCE TEACHER STEM APPLICATIONS
DURING ONLINE TEACHING: A RASCH ANALYSIS

Syarifa Wahidah Al Idrus?

Science Education, Ganesha University of Education, Singaraja, @unram.ac.id
Abstract

This study aims to delineate the STEM application of Gen Z pre-service science teachers in teaching
science during the covid-19 pandemic. There are 140 participants taking part in the online survey. Their
STEM application was assessed using a validated instrument for the Indonesian teacher context. STEM
application, in this study, is divided into seven categories as the result of combining each STEM
component including SAp-ST, SAp-SE, SAp-SM, SAp-STE, SAp-STM, SAp-SEM, SAp-STEM), where
S, T, E, M refers to Science, Technology, Engineering, and Mathematics respectively. Based on Rasch
analysis, most pre-service teachers who apply STEM teaching integration are at a moderate level.
Interestingly, SAp-SEM is the most difficult combination to apply, higher than SAp-STEM application. It
is also vital to note that their STEM application is not influenced by gender and specialization referring
to careful analysis using the Chi-square test to each item based on the Rasch model.

Keywords: STEM education, Gen Z, Covid-19, online learning, Rasch model

1. Introduction

STEM education has been applied as the core agenda in many countries in the world.
This is form of responses toward the rapid development of technology, for instance Industrial
Revolution 4.0. Upon talking about education, children should be given strong understanding
about the relationship of science learning with engineering and technology to have a
meaningful learning (Elayyan, 2021; Yahya & Hashim, 2021). The importance of implementing
STEM education also pivots on the characteristics of students from early childhood education
until university students who are generation Z (Gen Z) and alpha generation. Their methods of
perceiving knowledge tend to better different from previous generation, strengthening the
crucial of integrating technology in learning (Azman et al., 2021; Manzoni, Caporarello, Cirulli,
& Magni, 2021). Other than that, current situation such as covid-19 pandemic, the issue of
global warming and many crucial issues, it encourages the government should go extra miles
to inculcate future scientists and engineers (Zahidi et al., 2021).

Currently, Indonesia does not apply STEM education and its descendents such as
STEAM (adding art component), STREAM (including religion specialization). STEM education
in Indonesia is just a research topics or certain projects for researchers (Bogusevschi,
Muntean, & Muntean, 2020; Khotimah, Adnan, Ahmad, & Murtiyasa, 2021). However, the
application of STEM education will be near future considering the good movement of
Indonesian curriculum which can transform quickly based on current trends and condition.
Indonesia Ministry of Education (MoE) also tend to improve curriculum to be better through
many appropriate policy.

The application of STEM education will depend on the teachers because they are the
factors who will directly implement STEM curriculum. However, current teachers who are
mostly millennials teachers and previous generation, it seems uneasy to apply something new.
The hope can be given to the native of technology, Gen Z. They are also popular for other
names such as Google generation, Viral generation, Internet generation etc (Polakova &
Klimova, 2019). Their learning characteristics are unsuitability of traditional methods of
teaching (Szymkowiak, Melovi¢, Dabi¢, Jeganathan, & Kundi, 2021) and it potentially related
to their teaching style.



Even a plethora of studies was conducted in the field, there is still lack of studies in the
field of teacher development and this study is part of bigger studies in the field. When
considering this study, careful analysis of wide range of literature is needed. Some meta
analysis study which analyzing many previous studies such as (Mustafa, Ismail, Tasir, &
Mohamad Said, 2016) evaluates a total 18 studies, (Belland, Walker, Kim, & Lefler, 2017)
synthesizes 144 studies, (Iswadi, Syukri, Soewarno, Yulisman, & Nurina, 2020) reviews 16
articles and 5 chapters to explain development of STEM-TPACK scale and (Yildirim, 2016)
analyze 33 studies etc.

In the current study, the analysis will depend on Rasch measurement model. It, another
name of one parameter Iltem Response Theory (IRT), is also widely used to establish validity
and reliability by reporting detailed analysis such as unidimensionality, reliability, separation,
rating scale calibration, item fit statistics, Differential Item Functioning etc (William J. Boone,
2016). Rasch measurement model are based two theorems: 1) A person who is more capable
has a higher probability of correctly responding to all the items provided. 2). An easier item is
more likely to be answered correctly by all respondents or test- takers (Bond & Fox, 2015;
Linacre, 1999). Rasch model has been applied in science education studies for instrument
validation and data analysis (Jin, Rodriguez, Shah, & Rushton, 2020; Qudratuddarsi,
Sathasivam, & Hutkemri, 2019; Romine, Schaffer, & Barrow, 2015; Wind & Gale, 2015).

Considering the importance of STEM education, teacher roles, research gap and
Rasch model, we formulated to research questions: 1) To identify level of STEM applications
of Gen-Z Pre-Service Science Teacher, 2) To identify the differences of STEM applications of
Gen-Z Pre-Service Science Teacher based on gender and science specialization.

2. Methods

This study is quantitative study where data are in the form of humber which is the result of
survey research. In this study, we directly ask the participants to fill in the google form without
any intervention made (Creswell, 2012; Qudratuddarsi et al., 2019). We use online google form
as the effect of government rules to control movement by conducting online education
(Sukendro et al., 2020). Even there is tendency to have lower response rate, this method is
enhanced by direct request using social media such as WhatsApp from Facebook to gain more
responses from targeted respondents (Zuidgeest, Hendriks, Koopman, Spreeuwenberg, &
Rademakers, 2011).

Sample of the study

The sample are pre-service teacher who teaching during covid-19 pandemic. In Indonesian
universities, prospective teachers are given a chance to directly teaching their specialization
for some months depending on university and school agreement. In that phase, due to covid-
19 pandemic, they also have to carry online teaching as the schools do as the responses of
limiting human movements. They are 140 students with 48 male (34.28%) participants and 92
female (65.71%) participants. They are majoring science 32 participants (22.86%), chemistry
52 partcipants (37.14%), physics 34 participants (24.28%) and biology (15.71%).



Table 1. The Sample of the study

N Percentage
Area of specialization 140 100%
Science 32 22.86%
Chemistry 52 37.14%
Physics 34 24.28%
Biology 22 15.71%
Gender 142 100 %
Male 48 34.28 %
Female 92 65.71 %

Instrument

The instrument has been developed by previous researcher for Indonesian context (Wahono
& Chang, 2019) and has been applied in some studies (Parmin, Saregar, Deta, & El Islami,
2020; Wahono & Chang, 2019). The instrument has 7 sub domain namely Science-Technology
(SAp-ST), Science-Engineering (SAp-SE), Science-Mathematics (SAp-SM), Science-
Technology-Mathematics (SAp-STM), Science-Technology-Engineering (SAp-STE), Science-
Engineering- Mathematics (SAp-SEM), and Science-Technology-Engineering-Mathematics
(SAp-STEM). In previous studies, the instrument has good validity and reliability index,
indicating an appropriate measure to reveal the STEM application of Gen Z pre-service science
teachers in teaching science during the covid-19 pandemic.

Reliability and Separation

Reliability is the degree to which an instrument consistently give a similar result among
numerous administration (Fraenkel & Wallen, 2009; Shultz, Whitney, & Zickar, 2014).To
measure reliability, this study applied Cronbach’s alpha internal consistency to elicit the
correlation between a score of an individual item in the test and the total gained score for all
items (Chua, 2013). Other measures to report reliability are item and person reliability, person
reliability elicits the stability of student responses in each instrument, while item reliability elicits
the stability of item score (Sumintono & Widhiarso, 2015). The minimum score for each
reliability (Cronbach alpha, item and person) is 0.65 (Adams, Chuah, Sumintono, & Mohamed,
2021; DeVellis, 2012), and this study found reliability in the range of 0.92-0.96, delineating an
excellent score. Another result to consider is separation either item or person which should be
more than 1.5 to be considered acceptable (Suryadi, Hayat, Dwirifgi, & Putra, 2021; Tennant
& Conaghan, 2007). Separation of STEM applications in the context of pre-service science
teachers during pandemic teaching for both item and person is 3.78 and 3.45 respectively. The
result indicates the ability of instruments to distinguish item and respondents into some
acceptable groups (Iseppi et al., 2021).

Table 2. Reliability and Separation

Value
Reliability
Cronbach 0.96
Item 0.92
Person 0.93
Separation
Item 3.78

Person 3.45




ltem Fit Statistics

As the proof of construct validation, mean square (MNSQ): 0.5 <MNSQ <1,5 (b) the value of
tolerated infit and outfit Z- Standard (ZSTD): -2.0 <ZSTD <+2,0 (c) the value of accepted
Correlation Points (Pt Mean Corr) must be positive value (W.J Boone, Staver, & Yale, 2014,
Sadhu & Laksono, 2018). This analysis is very crucial as the strength of Rasch model
compared to the analysis using Classical Test Theory (CTT) (Hidayat, Qudratuddarsi, Mazlan,
& Zeki, 2021). This study found that each item fulfilled the criteria well, indicating the instrument
can fit Rasch measurement model very well. Even there are some items violate the acceptable
score, they are never in the same items all together.

Table 3. Item fit statistics of STEM application instrument

Iltem MNSQ ZSTD Point Mea Corr
SAp-ST1 1.21 1.09 1.7 0.7 0.61
SAp-ST2 1.17 1.10 1.4 0.8 0.63
SAp-ST3 1.51 1.58 3.6 3.0 0.47
SAp-ST4 1.40 1.87 3.0 5.1 0.52
SAp-SE1 1.19 1.10 1.5 0.7 0.57
SAp-SE2 1.22 1.74 1.8 4.7 0.60
SAp-SE3 1.10 1.15 0.9 1.1 0.64
SAp-SM1 0.89 0.84 -0.9 -1.1 0.68
SAp-SM2 0.86 0.83 -1.2 -1.3 0.72
SAp-SM3 0.89 0.81 -0.9 -1.3 0.66
SAp-STE1L 0.98 1.35 -0.1 2.5 0.64
SAp-STE2 0.72 0.71 -2.6 -2.5 0.78
SAp-STE3 0.80 0.78 -1.8 -1.8 0.76
SAp-STM1 1.29 1.26 2.2 1.9 0.68
SAp-STM2 0.86 0.85 -1.1 -1.1 0.70
SAp-STM3 1.04 0.95 0.4 -0.3 0.66
SAp-SEM1 1.17 1.17 1.4 1.2 0.68
SAp-SEM2 0.79 0.76 -1.9 -2.0 0.80
SAp-SEM3 0.78 0.76 -1.9 2.1 0.79
SAp-STEM1 0.71 0.79 -2.6 -1.8 0.77
SAp-STEM2 0.75 0.73 -2.2 -2.3 0.77
SAp-STEM3 0.98 1.00 -0.1 0.0 0.69
SAp-STEM4 0.61 0.65 -3.7 -3.1 0.76

3. Findings and Discussion
STEM Application based on item logit value

In this Wright map, the left side is item, while the right side is person map. This map is
visualization of relationship of person and item in a single line (Abdullah, Noranee, & Khamis,
2017; W.J Boone et al., 2014). From the wright map, we can see that items are in the range of
-1 to +1 logit value, while person spread widely from -3 to +6 logit value. Majority of person are
in the range of -0.5 to +3 , indicating that they have higher average score compared to average
of item logit value.
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Figure 1. Wright Map
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With regard to item logit, we also consider average and standard deviation of each sub
domain in STEM application as detailed can be seen in Table 4. From the table, it is known
that the hardest domain is SAp-SEM (M=0.533. SD=0.410), higher than SAp-STEM with 4
combination of specialization (M=0.270, SD=0.425). The results show how much Gen Z
depends on technology, and the least domain is Science-Technology (M=-0.515, SD=-0.310),
showing that pre-service science teachers can integrate technology better than integrating

other specialization.

Table 4. Mean and Standard Deviation of STEM application

Variable Name Mean (M) Standard Deviation (SD)
SAp-ST Application -0.515 -0.310
SAp-SE Application 0.364 0.538
SAp-SM Application -0.303 0.317
SAp-STE Application 0.286 0.155
SAp-STM Application -0.087 0.450
SAp-SEM Application 0.533 0.410
SAp-STEM Application 0.270 0.425




STEM Application based on person logit value

After analyzing this study using Winstep 3.73 Rasch model, we categorized STEM application
into low (LVP <0.7), moderate (0.7<LVP<3.71) and high (LVP=3.71). The categoration is
based on person separation and the division by considering their range of logit value of person
(LVP). Overall, most pre-service teachers (n=85 participants) are in moderate level of STEM
application. In details, they are 44 participants (31.43%) in low category, 85 participants
(60.71%) in moderate category and 11 participants (7.86%) in high category. The trend is
closely similar when considering gender and specialization where most of participants are
categorized in moderate level, the second one is low level, and the least one is high level of
STEM application.

Table 5. STEM application

Low (LVP =0.7) Moderate (0.7< LVP <3.71) High (LVP23.71)

Overall 44 85 11
Gender

Male 13 29 6
Female 31 56 5
Specialization

Biology 7 13 2
Chemistry 17 33 2
Physics 11 21 2
Science 9 18 5

Based on Gender

Gender is considerable factor in majority of social science research. In this study, comparison
of STEM application based on gender is analyzed carefully using Rasch model with Winstep
version 3.73. Each item comparison will consider Welch, Mantel Haenzel and Chi-Square,
gender probability, which should be lower than 0.05 to be considered significantly different
(Gocen & Sen, 2021; Rouquette, Hardouin, Vanhaesebrouck, Sébille, & Coste, 2019). Based
on the analysis, it is found that gender do not influence STEM application in all items and all
sub domain. It implies that Gen-Z can integrate Mathematics, Engineering and Technology in
their online science teaching regardless their gender.
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Figure 2. Comparison based on gender

Based on Specialization

Considering the result of careful analysis using Rasch model and taking into account the
probability value of Welch, Mantel Haenzel and Chi-Square, in general, specialization does not
influence Gen Z pre-service science teacher STEM application. However, some items showing
any differences. The first item is SAp-ST4 “I use a ready-made technology tool (not made by
myself) Application” between biology and science teachers. Another item is “SAp-SE1 As a
science teacher, in one term, | make learning media by myself’ between Biology and science
specialization as the previous item. The last item SAp-STM1” In my class, | usually use a
technology tool to mathematically analyzing of data from observation (ex: use calculator,
computer, mobile phone, ect)” which found any difference between Chemistry-Physics,
Chemistry-Biology and Physics-Science.
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Figure 3. Comparison based on gender

4. Conclusion and Suggestion
Conclusion
Consideing the research puroses and findings of the study, it is concluded that:

1) Most of GEN-Z pre-service science teachers applications are in moderate level
2) There is no significant influence of gender and specialization towards pre-service
teachers STEM applications

Suggestion

Findings of this studies can be the reference of indicating good future of STEM education if
Gen Z pre-service teachers will be science teachers. In the future, it is vital to carry deeper
analysis of predictors of their STEM applications, as well as the decent professional
development to help them carry a better application of STEM education.
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