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ABSTRACT RESEARCH ARTICLE
This study developed and validated the Science Practice Scale (SPS) and investigated the
implementation of scientific teaching practices by Grade 8 science teachers in Jordan. The ARTICLE
g 9.5 g g g INFORMATION
responses of 235 8th grade science teachers who participated in the Trends in International Received:
Mathematics and Science Study [TIMSS] of 2019 were analysed using the Rasch 07.04 2022'
measurement. We found significant evidence supporting the construct validity of the SPS Accepted:
scale. The results showed that the estimated difficulty level of implementing the practices 10.02.2023
varies from -1.26 logit (observing natural phenomena) to 2.27 logit (conducting
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fieldwork), indicating that the level of conducting field experiments was very low. The
results of the t-test (t = 0.267, df = 222, p>0.05) indicated that no statistically significant
differences existed between male and female science teachers in implementing scientific
practices. The Ministry of Education of Jordan is encouraged to organise specific
professional development programmes to promote science teachers’ implementation of
these practices, especially with regards to organising fieldwork and giving their pupils
opportunities to design and conduct experiments and present data. The current study
provides recommendations for improving the TIMSS teacher questionnaire and
introduces suggestions for further research.
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Introduction

The most dramatic shift in science education in the last forty years has been the turn toward
practices intended to help learners learn what scientists do, rather than what they know (Mody, 2015).
Driven by the urgent need to improve K-12 science education, the Conceptual Framework for the Next
Generation K-12 Science Standards (CFNGSS) was developed by the National Research Council (NRC,
2012). This framework is a revision of previous standards and encompasses a new vision of education
in science, engineering and technology in the 21st century intended to guide the development of new
K-12 science standards. The framework describes the core ideas crosscutting concepts, and the
scientific practices, the three main dimensions of the CFNGSS, that pupils should master by the end of
K-12 education (NRC, 2012). In 1996, the national science standards used in the US emphasised the
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importance of implementing inquiry into the teaching and learning of science (NRC, 1996). Based on
this, more attention was given to promoting learners’ inquiry skills, such as providing explanations
and sharing them with others (NRC, 2000). In the last two decades, research in science education has
documented the positive impact of scientific inquiry on learners' understanding of scientific concepts
and attitudes toward science in K-12 (e.g., Jiang &McComas, 2015; Samarapungavan et al., 2011).
However, under these standards there remained no common understanding of inquiry-based
(Osborne, 2014), and the implementation of inquiry-based instruction faced many challenges (Jiang
&McComas, 2015).

Science and Engineering Practices (SEP) is an important dimension of the new framework and the
K-12 science standards (NRC, 2012). These practices are defined as “the major practices that scientists
employ as they investigate and build models and theories about the world” (NRC Framework, 2012,
p- 30). The use of the term "practices," rather than skills, emphasises the importance of learning
knowledge and skills in context (NRC, 2012). Eight practices for K-12 science classrooms were
proposed:

1. Asking questions (for science) and defining problems (for engineering)

Developing and using models

Planning and carrying out investigations

Analysing and interpreting data

Using mathematics and computational thinking

Constructing explanations (for science) and designing solutions (for engineering)

Engaging in argument from evidence

Obtaining, evaluating, and communicating information (NRC, 2012, p. 42).

CFNGSSpr0V1des a clear description of the scientific practices and their progression through K-12
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classrooms (NRC, 2012). Engaging pupils in practices such as argumentation helps them to develop
and build reliable knowledge (Osborne, 2014). The successful implementation of these various
practices and may overcome the challenges of implementing inquiry-based instruction.

Assessment of NGSS Scientific and Engineering Practices

Assessing teachers’ understanding and implementing the science practices has been
recommended by several researchers (e.g., Chen & Terada, 2021; Hayes et al., 2016; Kang et al., 2018;
Nollmeyer&Bangert, 2017). It could be very useful for assessing the shifts toward NGSS (Hayes et al.,
2016) and helping educators in planning and evaluating related professional development
programmes. Hayes et al. (2016) emphasised the importance of developing an updated instrument for
assessing the science practices as the existing instruments had been aligned to the inquiry-based
instruction. Assessing pre-service teachers’ novice ideas about science and engineering practices may
enable instructors to provide effective instruction and help pre-service teachers in developing
comprehensive understanding of SEPs (Dalvi et al, 2021). Assessment of in-service teachers’
knowledge and confidence in implementing SEPs may be useful to inform planning of related
specialised Professional Development (PD) (Kang et. Al, 2018). Developing valid assessments may be
useful for assessing the impact of PD on teachers’ knowledge and implementation of SEPs
(Nollmeyer&Bangert, 2017). Stephenson et al. (2020) targeted students’ development and use of the
science practices in the general chemistry lab by developing assessment tasks.

The developed instruments for assessing the NGSS practices featured both quantitative and
qualitative formats. Some quantitative scales require respondents to select one of five options (Hayes
et al. 2016). Several research studies used quantitative self —assessment instrument for measuring
teachers knowledge and practices of SEPs (e.g., Malkawi&Rababah, 2018; Nollmeyer&Bangert , 2017).
Developing observation — based protocols and assessment activities was also utilised in
understanding teachers’ knowledge and their NGSS- aligned practices. Chen and Terada (2021)
developed observation — based protocol to assess participants’ cognitive engagement for the eight
SEPs. Observation — based protocol was also used for assessing teachers’ levels of implementing SEPs

310



Sabah, Akour & Hammouri, 2023

(Kang et. al, 2019). The mixed methods approach to collecting and analysing teachers” knowledge and
implementation of NGSS- aligned SEPs was utilised by many researchers (e.g., Kang et al., 2018; Smith
&Nadelson, 2017). Kang et al. (2018) used both quantitative a self- assessment survey and an open-
ended questionnaire to explore primary teachers” knowledge of and confidence in implementing SEPs.
Smith and Nadelson (2017) used surveys, interviews and observation to assess and understand the
engagement of primary teachers in implementing SEPs.

Although several science and engineering practices surveys were developed, some of them
suffered from limitations. One limitation was related to the number of the targeted SEPs; Stephenson
et al. (2020) developed a survey to assess only four of the eight SEPs. Moreover, some instruments
were limited to assessing understanding of NGSS SEPs, not the teachers’ levels of implementing the
NGSS SEPs (Nollmeyer&Bangert, 2017). Unfortunately, there have been limited efforts in
incorporating the assessment of SEPs in TIMSS directly and clearly. Considering these limitations and
the need for developing a TIMSS scale for assessing teachers’ implementation of NGSS SEPs, the
current study utilised the TIMSS data and Rasch measurement to develop and validate such a scale.
The proposed scale could be used internationally for assessing and comparing the levels of
implementing the NGSS SEPs by utilising the available huge TIMSS database.

Research Problem

Aligned with the international calls for developing new science standards that meet the needs
of the next generation of learners, the National Centre for Curriculum Development (NCCD) of Jordan
has been working to improve K-12 science education standards. The CFNGSS was a key framework
guiding the NCCD's development of new K-12 science education standards in Jordan (NCCD, 2019).
A call for the implementation of pertinent practices and inquiry skills does not guarantee their
effective integration, however, even when professional development is made available (Qablan, 2016),
as such integration is a complex task (Jiang &McComas, 2015). To meet the critical challenges of
inquiry-based instruction such as linking skills to science content, promoting pupils’ skills in
providing evidence-based explanations (Alshorman, 2021;Quigley et al., 2011), and investigating the
level at which science and engineering practices had been implemented at secondary schools in
Jordan. Alshorman (2021) found that secondary science teachers in Jordan reported low levels of
implementing important practices, such as carrying out investigations and using models. Similarly,
Malkawi and Rababah (2018) found that Grade 12 science teachers in Jordan reported a moderate level
of implementing science and engineering practices. Qabaln (2018) revealed a significant mismatch
between NGSS and K-8 science standards in Jordan, especially for the core ideas dimension. This
study aimed to extend these efforts by investigating, using TIMSS data, the levels at which science
teachers in Jordan are implementing the science practices. Unlike previous studies conducted in
Jordan, the current study utilised a national representative TIMSS sample, which enhances its external
validity. Moreover, it developed a scale for measuring the target practices based on the available items
in the TIMSS teacher questionnaire.

Research Aim and Research Questions

The purpose of this study was to validate the Science Practices Scale (SPS) and investigate the
extent to which Jordanian science teachers are implementing specified practices in their teaching. It
also examined whether there were any significant differences in the implementation levels between
male and female teachers; this is salient as public schools in Jordan are segregated by gender for
teachers and learners. This study specifically addressed the following research questions:

1. Is the proposed Science Practices Scale (SPS) valid for measuring the implementation level of

science practices?

2. To what extent do science teachers in Jordan implement science practices?
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3. Are there statistically significant differences between male and female science teachers in

implementing the scientific practices?

A reliable and accurate approach to investigating the levels of implementation of the desired
practices by 8t grade science teachers is likely to be of great use to the Ministry of Education of
Jordan, as it can inform the design of specific and high-quality professional development (PD)
programmes for teachers. Furthermore, researchers worldwide may benefit from the SPS in measuring
the implementation levels of science practices across the countries participating in TIMSS. In addition
to these benefits, this study provides recommendations for revising the TIMSS teacher questionnaire
to include items that cover NGSS-aligned practices.

Methods
General Background

This empirical study utilised the TIMSS 2019 International Database. The Rasch measurement
provides a framework for developing and validating measurement instruments (Akour, 2022; Balata
et al.,, 2022; Bond & Fox, 2015; Boone et al., 2011; Sabah et al., 2013; Soeharto, 2021). We adapted the
Rasch model measurement to developing the SPS and analysing the data.

Sample

The sample comprised of the 235 science teachers of Grade 8 in Jordanian schools who
participated in TIMSS 2019 as a national sample. The sample design was stratified by school type and
achievement level, whereby one classroom per school was selected (Martin et al., 2020). The sample
was evenly split between genders, with 116 female teachers and 111 male teachers represented.
Around 72 percent of the participating teachers were under forty years of age, and most of the
participants held a bachelor's degree.

Instrument and Procedures

The current study adapted the CFNGSS (NRC, 2012) as a framework to define the construct to
be measured and developing a scale to measure the levels of implementing science practices in
teaching science. Defining a construct is the first step in developing a measurement scale (Planinic et
al., 2019). To do this, we adapted the NGSS framework and reviewed several related studies (e.g.,
Hayes et al., 2016; Drew & Thomas, 2017). The researchers of the current study selected seven items
from the TIMSS 2019 science teacher questionnaire (Martin et al.,, 2016; Mullis & Martin, 2019) to
construct the practices scale. The selection of scale items was guided by the framework for K-12
science education and correspond to the CCNGSS practices as shown in Table (1).

The responses were re-coded on a scale from 0 to 3, with 0 indicating "never”, 1 "in some
lessons", 2 "in about half of lessons", and 3 "in every or almost every lesson". The Rasch rating scale
model was used to analyse ordinal data resulting from the administration of this scale. This model
computes the probability that a given response category will be selected by a person with a given level
of implementing desired practice. By taking the natural odds log value of this probability, the Rasch
model transforms this probability into a logit score which is considered on an interval level. An item
logit is obtained when computing this probability for an item across all persons, and a person logit is
obtained when computing this probability for a given person across all items. One advantage of using
Rasch models is that measurement indices are sample- and item-independent (Bond & Fox, 2015). A ¢-
test was also performed to investigate whether there were differences in implementation levels
between male and female teachers.
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Table 1
Matching the Scale Items with the NGSS Practices

Items of SPS ~Adapted from the TIMSS Questionnaire* Scientific practices — Introduced by NRC (2012)

Do fieldwork outside of class. Planning and carrying out investigations
Conduct experiments or investigations. Planning and carrying out investigations

Present data from experiments. Analysing and interpreting data.

Design or plan experiments. Planning and carrying out investigations.
Interpret data from experiments or investigations. Constructing explanations (for science).

Use evidence from experiments or investigations to support Analysing and interpreting data.

conclusions. Constructing explanations (for science).

Engaging in argument from evidence.
Observe natural phenomena and describe what they see. Planning and carrying out investigations.

Note. * Adopted items from the TIMSS science teacher questionnaire (Mullis & Martin, 2019).
Data Analysis

Research Results

To answer the first research question (Is the proposed Science Practices Scale (SPS) valid for
measuring the implementation level of science practices?), the Winsteps Rasch software was
employed to analyse the data and validate the proposed scale. Regarding the proposed scale of science
practices, the results revealed that the person reliability separation index was 2.01 and the person
reliability was 0.80. The item separation index and the item reliability were 8.01 and 0.98 respectively,
indicating an excellent level of reliability (MohdDzin& Lay, 2021).

The item difficulty, infit and outfit statistics, and point-measure (PTMEA) correlations were
also estimated using the Winsteps software (Table 2). The "fit statistics" are used to determine the
quality of the items and whether the output could be interpreted as interval scale measures (Bond &
Fox, 2015). A mean-square value of 1.0 represents a perfect fit, indicating little distortion of the
measurement (Linacre, 2002); values between 0.5 and 1.5 are considered acceptable and productive for
measurement (Linacre, 2003). The chi-square infit and outfit statistics are reported in Table (2). The
Infit/Outfit MNSQ of all items except Item 7 were within the acceptable range, which means that the
items are of high quality in fitting the model. The good fit of the items supported the construct
validity of the proposed scale. PTMEA values were used to determine whether the items move in one
direction within the construct (Mohamad et al., 2015; Sharif, 2019). The PTMEA values for the seven
items were positive and ranged between 0.55 to 0.8, indicating that they are functioning well in
measuring the intended construct and providing evidence supporting the one-dimensionality of the
scale (Ramakrisnan et al., 2013).
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Figure 1
The Item-Person Map (Wright Map)
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The Wright map (item-person map) shown in Figure 1 presents the distribution of the person
estimates of target practices on the left side and the difficulty estimates or endorsement on the right
side. Wright maps are very useful for developing and evaluating instruments as the ordering and
spacing of items can highlight items that should be improved, added, or removed (Boone et al., 2013).
In addition, this map enables us to check how well the items target the endorsement levels of
participants and identify gaps between items where new items should be added. The ability estimates
ranged between -3.51 to 6.79 logits, while the estimates of difficulty or endorsement range between -
1.26 to 2.27 logits. The observed item gaps shown in Figure 1 indicated that the items did not perfectly
target teachers’ abilities. In other words, more items are needed to fill the gaps to better measure the
target construct.

The descriptive statistics regarding the second research question (To what extent do science
teachers in Jordan implement science practices?) are presented in Table 2. Item difficulty estimates
were expressed in logits, and ranged between -1.26 (for the "observing natural phenomena" item)
which was the easiest item to agree with to 2.27 ("doing field experiments") which was the hardest
item to agree with. The difficulties of the four items were below the average difficulty, which is
represented as zero on this scale. The results revealed that conducting fieldwork outside of class was
the least likely item to be endorsed by the Jordanian science teachers, while Item 7 (observing natural
phenomena) was the most likely to be endorsed.
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Table 2
The Estimated Difficulty of the Items and the Infit and Outfit Statistics

Item # Items of SPS * (Difficulty) S.E Infit Outfit PTMEA
(Logits)
MNQ MNSQ Corr.
1. Do fieldwork outside of class. 2.27 0.13 1.23 1.23 .70
2. Conduct experiments or investigations. 0.17 0.12 .76 73 77
3. Present data from experiments. 0.14 0.12 .68 .64 .80
4. Design or plan experiments. -0.06 0.12 .97 .98 73
5. Interpret data from experiments or -0.52 0.12 .81 .80 .76
investigations.
6. Use evidence from experiments or -75 0.12 1.13 1.17 .69
investigations to support conclusions.
7. Observe natural phenomena and describe -1.26 0.12 1.46 1.66 .55
what they see.

Note. *Adapted items from the TIMSS science teacher questionnaire (Mullis & Martin, 2019).

The third research question concerns the differences (o= .05) between the means of male and
female teachers’ implementation levels of the target practices using the t-test. The mean for male
science teachers’ abilities was 1.74 (SD = .61), while that of female science teachers’ abilities was 1.76
(SD = .53). The results of the t-test (t = .27, df = 222, p = .79) showed that there were no statistically
significant differences (o= .05) between the means that could be attributed to the gender of the science
teachers.

Discussion and Implications

This study utilised the Rasch measurement model to provide evidence to support the validity
of the SPS. Reliability indices, fit indicators, and PTMEA values supported the validity of the
proposed scale. However, the item-person map revealed that the items did not perfectly target the
participants’ abilities. To improve the construct validity of the proposed scale, more items are needed
to fill the gaps to provide a better match with the NGSS list of scientific practices. The current study
has some implications for international science educators and researchers. We recommend that TIMSS
adds more items that cover the eight next-generation practices in the next TIMSS science teacher
questionnaire to cover modelling, engaging in argumentation, and communicating information (NRC,
2012). Constructing and using models is very useful to help students understand scientific concepts
and phenomena (Ornek, 2008). Although engaging in argumentation has a positive impact on learning
science and developing conceptual understanding, and researchers have explicitly recommended its
inclusion in inquiry-based instruction approaches (Ping et al, 2020; Kacar&Balim, 2021), the
implementation of argumentation is still facing some challenges (Faize et al., 2018). Moreover,
international researchers are invited to use the proposed scale and the available TIMSS data to
investigate and compare the implementation of science practices in the participating countries in the
TIMSS study.

The implementation levels of science practices in Jordanian science classrooms were relatively
moderate as the difficulties of the four items were below the mean. Malkawi and Rababah (2018)
found that levels of implementing SEPs by secondary teachers were moderate too. Harries et al. (2017)
believed that many teachers and schools were not ready for adopting the NGSS. Kawasaki and
Sandoval (2020) found misalignment between teachers’ goals of teaching science and the goals of
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NGSS- aligned science teaching. Accordingly, many researchers have stressed the importance of PD
programmes in enhancing teachers” knowledge and implementation of SEPs (Kang et al. 2019; Smith
&Nadelson, 2017).

Organising Professional Development (PD) programmes appears to have had a positive
impact on the levels at which teachers integrate science practices (Tuttle et al., 2016). Lilly et al. (2022)
recommended providing teachers with professional development and materials to support teachers’
implementation of SEPs. To ensure that PD programs are effective, they should assess the needs of
participants and offer them opportunities to spend enough time on practice and reflection regarding
the approaches to implementing the scientific practices (Chen & Terada, 2021). To enhance the
implementation of science practices in Jordanian science classrooms, the MoE of Jordan is encouraged
to organise PD to improve science teachers’ skills in this regard, especially in terms of offering their
pupils opportunities to do field research, design and conduct experiments, and present data. In short,
it is recommended that the MoE of Jordan design specific PD programmes that address those practices
which are, at present, poorly implemented, and provide teachers with the support they need while
they practice and reflect on the methods of implementing the desired practices in their teaching
(Harris et al., 2017).

Although public schools in Jordan are segregated by gender, the levels at which the science
practices are implemented appeared similar in boys' and girls' schools. It seems that both types of
schools have received similar attention and support from the MoE. As the shift from teacher-centred
instruction to inquiry-based instruction is not a simple task (Jiang &McComas, 2015), researchers are
invited to identify and deeply understand the challenges of implementing the identified practices in
teaching science for the middle grades in Jordan. Science educators in Jordan are invited to consider
these challenges and provide a working framework that will guide the development of high-quality
PD to promote the effective implementation of desired practices in teaching science in the Jordanian
context.
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