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Abstract

This study explores Science, Technology, Engineering and Mathematics (STEM) teachers’
perceptions of teaching and assessment methods. We investigated 125 STEM subject
coordinators and teachers using interviews and questionnaires. We examined the most commonly
implemented teaching and assessment methods, and the reasons teachers chose them. Then, we
compared teachers from different school levels, subjects, teaching experience and cultural
backgrounds. The teaching methods implemented the most were lectures and presentations,
followed by class discussions and collaborative classwork. The most implemented assessment
method was tests with open- and closed-ended questions, followed by project portfolios and
experiment reports. Subject coordinators preferred methods that integrate formative assessment
more than teachers. The study contributes to a better understanding of the teaching and
assessment methods implemented in schools and the gap between recommendations and actual
implementation. Conducted prior to the COVID-19 pandemic, this research sets a baseline for
similar future post-COVID research.

Keywords: active learning, perceptions, formative assessment, in-service teachers, interactive

teaching, STEM teachers

INTRODUCTION

A wide set of Science, Technology, Engineering and
Mathematics (STEM) skills is required for students to
succeed in contemporary industry, environment, and
society. These skills include scientific inquiry, analysis,
teamwork, argumentation, critical thinking, problem
solving, innovation, creativity, and technological and
scientific literacy (Kohen et al., 2020; Miedijensky, & Tal,
2009; Tsybulsky, 2018; Usher & Barak, 2020; Zohar &
Nemet, 2002). Teaching and assessment methods have
been found to be associated with the development of
STEM skills (Hodgson et al., 2014; Worlitz et al., 2018;
Zezekwa & Nkopodi, 2020). Teachers are expected to
adapt their teaching methods to include 21st century
skills and to impart them to their students (Bennett &
Hogarth, 2009; Darling-Hammond et al., 2014; Lavi et al.,
2021; Ropohl & Ronnebeck, 2019; Westbroek et al., 2020).
However, even though teachers are expected to engage

students in active learning processes, they often assess
their students’ progress using traditional assessment
tools that measure knowledge more than skills. In many
cases, the expectations and recommendations of OECD
and the National Research Council (NRC) do not
coincide with actual implementation (Howells, 2018;
NRC, 2012).

Israeli science curriculum requirements include
alternative teaching methods such as inquiry, which is
taught gradually, starting with guided inquiry and
progressing to open-ended inquiry. Case-based learning
involves the incorporation of narratives of authentic
problems from the students’” everyday life. In Project-
Based Learning (PBL), learning is based on authentic
problems, and the student is required to produce an
artifact. Solving algorithmic problems, which have a
single solution, does not fulfill these requirements.

This study explores the perceptions of STEM subject
coordinators and teachers of various teaching and

© 2021 by the authors; licensee Modestum. This article is an open access article distributed under the terms and conditions of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/).
DM effrat@campus.technion.ac.il (*Correspondence) X hrisilda@gmail.com DX yjdori@technion.ac.il


https://doi.org/10.29333/ejmste/10882
http://creativecommons.org/licenses/by/4.0/
mailto:effrat@campus.technion.ac.il
mailto:hrisilda@gmail.com
mailto:yjdori@technion.ac.il

Akiri et al. / Teaching and Assessment Methods in STEM

Contribution to the literature

e  We explored Science, Technology, Engineering and Mathematics (STEM) teachers” perceptions of
various teaching and assessment methods based on 125 participants from different school levels, subjects

of teaching, experience, and cultures.

e High school teachers preferred collaborative and open teaching methods, while middle school teachers
preferred individual assignments. Differences can be explained by the matriculation examinations,
which require that 30% of the material be graded based on authentic assignments, inquiry projects, and

portfolios.

e The research is unique in that it compares a wide array of 14 teaching methods and eight assessment
methods and the reasons the teachers preferred to implement them.

assessment methods, as a school’s commitment to STEM
education is influenced by the STEM coordinators’
motivation and perceptions (Aslam et al., 2018). We refer
to teaching methods that are more teacher-centered as
traditional ones, and methods that are more student-
centered as interactive teaching methods. In this paper,
assessment methods are referred to as either traditional
(e.g., test and quiz), formative/alternative (e.g.,
experiment reports and project portfolios), or
assessment for learning (Avargil et al., 2013; Deeley,
2018; Dori et al., 2018). Whereas prior research has
focused mostly on forms of interactive teaching and
alternative assessment in primary and middle schools
(Gale et al., 2016; Zlabkova et al., 2020), interactive
teaching and alternative assessment methods have
received less scholarly attention in the context of STEM
secondary education (Gozuyesil & Tanriseven, 2017;
Grob et al., 2019). Our goal in this study is to investigate
the STEM subject coordinators’ and teachers’
perceptions of various teaching and assessment
methods. Our research questions are:

(1) With respect to STEM teaching and assessment
methods:

a. What methods do the participants implement

as a group?
b. What are the subject coordinators’ and
teachers’ perceptions of teaching and

assessment methods? What differences are
there, if any, between the perceptions of these
two research groups?

c. What reasons did teachers provide for
adopting and implementing the various
teaching and assessment methods?

(2) What are the similarities and differences in the
implementation of teaching and assessment
methods within the following subgroups:

a. Primary, middle school, and high school
teachers.

b. Science and mathematics teachers.

c. Teachers with different amounts of teaching
experience.

d. Majority and minority groups.
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RESEARCH BACKGROUND

In this paper, traditional teaching methods refer to use
of digital presentations, lectures and white boards, films,
and other methods that do not require the student’s
active involvement. These methods are considered
teacher-centered (Schwerdt & Wuppermann, 2011).

Interactive teaching methods are non-traditional
methods that require the students’ active engagement, as
they set their own pace and control their learning (Rees
& Roth, 2019; Soldano & Arzarello, 2016; Tal et al., 2006).
Interactive methods encourage students to learn through
experience. They are considered student-centered
teaching methods, and are more aligned with the
constructivist theory for fostering meaningful and active
learning (Akkus et al., 2007).

Interactive teaching methods include (1) project-
based learning; (2) inquiry-based learning; (3) content or
context-based learning; (4) teamwork; and (5) class
discussions. The benefits of these particular methods
have been presented in several studies (Barak & Raz,
1998; Barron & Darling-Hammond, 2008; Eskilsson &
Hellden, 2003; Gilbert, 2006; Karpudewan et al., 2011;
Marusié, & Slisko, 2012; Mills & Treagust, 2003; Schallies
& Eysel, 2004). Some interactive teaching methods, such
as project-based assessment, inherently include
alternative assessments (Dori Y. J., 2003; Krajcik et al.,
1994; Tal et al., 2006).

Assessment can be a powerful tool for learners,
particularly when integrated into the learning process.
For decades, standardized assessment has been the main
way of assessing students (Aitken, 2016). Standardized
assessments are tests that can consist of open-ended
questions, or closed-ended ones such as multiple-choice
questions. These tests are given to a predefined
population group. An entire group - a class, school,
applicants, etc. - takes the same standardized test, which
mostly measures knowledge at different levels of
complexity. However, these tests are limited in their
measuring capability and pose certain difficulties (Hebel
et al, 2017). School teachers generally assess their
students in order to grade their performance at the end
of the term.
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Over the last two decades, researchers have been
trying to develop new ways of measuring students’ skills
using what is known as ‘formative” or ‘alternative’
assessment. Formative assessment, also known as
assessment for learning, has been shown to enhance
students’ skills and competence (Avargil et al., 2013;
Birenbaum & Breuer, 2006; Mandler et al., 2012; Russ et
al., 2008). Alternative assessment refers to any non-
standardized methods. They are usually more tailored to
the individual as part of the learning process, and are not
used only to measure students’ knowledge and
comprehension (Haug & @degaard, 2015; Miedijensky,
& Tal, 2009; Neumann, 2015; Rached & Grangeat, 2020).

Teachers are advised to use alternative assessment
methods in addition to traditional tests (Ropohl &
Ronnebeck, 2019; Stender et al., 2018). Alternative
assessment methods are more accountable than
summative assessment when interactive teaching takes
place, such as in the case of project-based learning
(Chetcuti & Cutajar, 2014; Havnes et al., 2012; Namdar &
Shen, 2015; Wiliam, 2011).

This study explored the perceptions of two research
groups - STEM subject coordinators and STEM teachers
- regarding teaching and assessment methods
commonly implemented by teachers, in an attempt to
understand if there is a gap between recommendations
and actual implementation.

Subject coordinators are the link between
management and teachers. They are critical for the
success of educational reforms (Farchi & Tubin, 2016). To
ensure their success, they receive up-to-date, subject-
specific training, and apply their skills in their schools
(Moore, 1992). The perceptions and beliefs of subject
coordinators and teachers are crucial factors for selecting
teaching and assessment methods. Effective and
engaging teaching and assessment methods can
ultimately improve students’ STEM-related perceptions
and skills. Even so, teachers often use teaching or
assessment methods for other reasons, subject to
constraints related to school policies, time limitations,
and availability. Some factors that affect students’
motivation to pursue STEM education and careers are
related to their teachers, their gender, and their social or
cultural settings. Therefore, students’ interest,
motivation, and perceptions would most likely improve
if learning took place in an environment tailored to their
needs and interests. This could be achieved by
implementing a combination of teaching and assessment
methods that create an interactive learning environment
and an active learning atmosphere (Anghelache, 2013;
Marchis, 2011; Stollman et al., 2020; Wang X., 2013).

Keeping up to date with technology is a significant
challenge for schools. Most of the schools in Israel are
equipped with only one computer lab for the whole

1 https:/ /www.oecd.org/pisa/

school and a single computer in each classroom. This
limits teachers” ability to implement technology-based
interactive teaching and alternative assessment
methods, and creates technological literacy gaps
between students (Ertmer, 1999; Foon Hew & Brush,
2007; Osborne, 2014).

In the school setting, standard assessment refers to
the standardized tests given to students throughout the
school year to determine their grades at the end of each
term (Aitken, 2016; Harlen & James, 2006). Students are
assessed for various reasons, such as to measure their
knowledge, encourage learning, measure the
effectiveness of the curriculum, and more. Interactive
learning methods should be accompanied by
accountable assessment that coincides with the
implemented teaching method (Grob et al, 2019;
Wieman, 2014; Wiliam et al., 2004).

Cultural and Societal Differences

Middle school and high school science teachers’
experiences differ with regard to assessment,
knowledge, and students’ motivation. In high school,
teachers are expected to prepare students for the
matriculation examinations given towards graduation,
and they adapt their assessment methods accordingly.
Middle school teachers’ assessment of students’
knowledge is aligned with specific school policies and
National Standardized tests such as PISA'. For this
reason, middle school teachers are less inclined to
implement changes and reforms. Most high school
STEM teachers hold a B.A. in a specific STEM field and
are usually very discipline-oriented, as opposed to
middle school teachers whose education is usually more
general and who teach science as a broad and more
interdisciplinary subject. High schools STEM classes are
usually majors chosen by the students, while middle
school students are required to study a predefined set of
subjects (disciplines) and are sometimes less motived to
study a specific subject (Lesseig et al., 2016; Liu et al.,
2020).

In many cases, science and mathematics departments
are encouraged to work closely together to improve
students’ skills (Berlin & Lee, 2005). Science studies have
been shown to be dependent on mathematics, but this
dependence is not necessarily symmetrical (Wong,
2018). New technologies provide innovative learning
opportunities, which teachers are encouraged to
integrate (Barabash, 2019; Dori et al., 2020; Kop et al.,
2020). Yet, although mathematics teachers try to engage
in student-centered methods, they still tend to prefer
teacher-centered methods, despite the fact that student-
centered methods largely determine students’
performance (Muema et al., 2018; Umugiraneza et al.,
2017).
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Table 1. Participants’ demographics

Participants Role Gender Sector School Experience
Interviews Subject coordinators Male Majority Middle school Novice
(N=9) 45% 11% 78% 78% 45%
Teachers Female Minorities High school Experienced
55% 89% 22% 22% 55%
Questionnaires Subject coordinators Male Majority Primary Novice (1-4 years)
(N=116) 41% 20% 76% 14% 28%
Teachers Female Minorities Middle school Experienced (5-15 years) 44 %
59% 80% 24% 26%
High school Experts (>15 years)
60% 28%
Teachers’ experience has been shown to correlate  NMETHODOLOGY

with their perceptions of learning (Copur-Gencturk &
Thacker, 2020). Novice teachers tend to focus mostly on
navigating a classroom and the demands of teaching,
though they are expected to plan interesting lessons
(Fairbanks et al., 2000). It has also been found that
teachers’ experience influences their reactions to new
reforms (Avargil et al., 2013; Liu et al., 2020).

Researchers of STEM education have explored the
attitudes of STEM teachers toward teaching and
assessment methods. For example, biology teachers had
positive attitudes toward assessment for learning, but
there was no significant difference between their
attitudes toward traditional assessment and their
attitudes toward assessment for learning (Bramwell et
al., 2016, Hofstein et al., 2012; Juuti et al., 2010). The
researchers usually focus on either subject coordinators
or teachers, emphasize one discipline, and discuss only
perceptions of one or two types of teaching or
assessment methods. We examined and compared the
perceptions of both subject coordinators and teachers
toward various teaching and assessment methods, and
investigated the differences among majority and
minority STEM teachers. In Israel, most of the minorities
are Arab speakers. Arab teachers usually teach in
Arabic-speaking schools, and Jewish teachers teach in
Hebrew-speaking schools (Gindi & Erlich-Ron, 2019).
This presents a challenge for STEM studies, as most of
the science learning materials are available only in
Hebrew (Barnea et al, 2010). Another difference
between minorities and the majority group is cultural
norms. Arab culture is traditional oriented and is
commonly characterized by strong family systems
(Toren & Iliyan, 2008). Questioning authority is
discouraged, and the teacher is considered the
authoritative source of knowledge. Hence, questioning
and criticism are often considered unacceptable and
disrespectful (Abd-El-Khalick, et al., 2004). Resources in
Arab schools are also limited, and classrooms in some
schools have fewer technological tools than their Jewish
counterparts (Nachmias et al., 2010; Sedawi et al., 2019).
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The study was designed based on an exploratory,

sequential, mixed-methods approach, in which
qualitative data collection was followed by a
quantitative analysis (Creswell, 2014; Leech &

Onwuegbuzie, 2009). Interviews with the participants
provided data that created the basis for collecting
additional data using a questionnaire. The questionnaire
included closed- and open-ended questions. This gave
us the opportunity to triangulate the data provided by
the participants, hence increasing the validity of our
findings, and strengthening our interpretations of these
findings (Golafshani, 2003).

Participants

Participants (N=116) were STEM teachers and subject
coordinators from high, middle, and primary schools
who represented both gender and sector groups.
Interviewees (N=9) and questionnaires’ respondents
represented a diverse population (see Table 1).
Participants were recruited via social media and during
professional development workshops.

The participants’ mean age was 39.6 (10.1). The
distribution resembled that of the general teacher
population, according to the Central Bureau of Statistics
(Buchnik et al., 2014). The subject coordinators in this
research (and in most of the schools in Israel) are also
STEM teachers themselves. When teachers reported
teaching more than one subject, we chose the subject
with more teaching hours as the teacher’s discipline.

Data Collection and Analysis

The data was collected over the course of a year, prior
to the COVID-19 pandemic.

Research instruments

The research instruments included interviews and
questionnaires. The first stage involved interviews that
were designed to address teaching and assessment
methods that are relevant for STEM subject coordinators
and teachers. The interviews were 30-60 minutes long
and included the following questions: What teaching
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Table 2. Teachers’ perception factors

Factor Statement example N of Alpha
items Cronbach

Perceptions towards alternative In the school I teach at, the students can influence the way in 9 0.853
teaching and assessment methods which they are assessed

Perceptions towards passive teaching  In my opinion, traditional assessment methods (standardized 7 0.612
methods and traditional assessment tests) are better and more efficient

Available resources in the schools In the school I teach at, most classes are equipped with a computer 5 0.606

for the teacher
Total 21 0.759

and assessment methods are most common in your
practice? Why are these methods the most common?
Explain. The data gathered during the interviews were
used to create a list of teaching and assessment methods
to be ranked by all the participants who responded to the
questionnaires.

Development of research instrument

The first version of the questionnaire was developed
based on the literature (Akkus et al., 2007; Barak &
Shakhman, 2008; Birenbaum & Breuer, 2006; Hodgson et
al., 2014; Juuti et al., 2010; Worlitz et al., 2018). We
extended the questions based on the interviews with the
aim of including a wider variety of teaching and
assessment methods. The first version of the
questionnaire included 30 open- and closed-ended
questions. Later, after a factor analysis (see Appendix A),
the questions were reduced once more to 28 questions.

To validate the questionnaire, we administered it to
28 chemistry and science teachers who participated in a
chemistry education training program. The final version
of the questionnaire consisted of 29 open- and closed-
ended questions, in which the participants were asked to
select the most commonly implemented teaching and
assessment methods in their classes from a predefined
list, with the option of adding additional methods. The
list of teaching methods included lectures,
demonstrations, class discussions, and inquiry-based
learning. The list of assessment methods included
standardized tests with open- and closed-ended
questions, laboratory experiments and writing lab
reports, and end-of-year inquiry portfolios. The teaching
and assessment methods are described in detail in the
Findings section. After choosing the methods they tend
to implement, participants were asked why they chose
these methods over the others. The questionnaire also
included 22 Likert scale questions, aimed at
understanding the teachers’ perceptions and resources.
We conducted factor analysis of these questions and
identified three factors, as shown in Table 2.

One of the questions was eliminated. Full factor
loading is presented in Appendix A: Factor loadings for
participants’” perceptions towards teaching and
assessment methods and school resources.

The qualitative part of the questionnaire, in which
teachers explained the reasons for their choices, was
analyzed based on the categories that arose from the
content analysis of the interviews.

The diversity of the questions, which enabled
triangulation of the data provided by the participants
with their perceptions of the teaching and assessment
methods they use in their classrooms, further validated
the findings (Golafshani, 2003).

Data collection

The questionnaire was distributed to the participants
via email, Facebook, WhatsApp, in professional
development workshops, and by personal requests.
Most participants selected two or three methods. In total,
390 teaching methods and 239 assessment methods were
selected by the 116 respondents.

Data analysis

To address the first research question, we used
descriptive statistics to identify the methods most
commonly implemented. We used a chi square test to
compare subject coordinators’ and teachers’ preferences
for each method, and t-tests to compare their perceptions
of alternative and traditional teaching and assessment
methods. The reasons given by the teachers were
analyzed using content analysis.

To answer the second research question, we used t-
tests and ANOVA analysis, as well as content analysis of
the qualitative data.

FINDINGS

The findings presented in this section are based on
data collected prior to the COVID-19 pandemic, which
forced major changes worldwide, and particularly in
education systems. Findings are presented in response
to the research questions. To address the first research
question, we analyzed the teachers’ and subject
coordinators’ perceptions. We first present the
participants’ perceptions toward teaching methods,
which were divided into the categories of passive
teaching, interactive teaching, and teaching methods
that incorporate formative assessment methods. We then
highlight the differences between subject coordinators
and teachers. This is followed by presenting
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Table 3. Teaching methods most often used by teachers (N=116)

Category Teaching method Percent [%] N=116
Passive teaching methods Lecture 48.3
Presentations 414
Short videos 224
Demonstrations 15,3
Interactive teaching methods Class discussion 41.4
Collaborative class work 37.9
Computerized learning 12.1
Teaching methods combining formative assessment - [Experiments 34.5
also referred to as assessment for learning Worksheets 25.9
Inquiry-based learning 15.5
Project-based learning (PBL) 6.9

participants’ choices regarding assessment, grouping the
assessment methods according to traditional and
formative, and then highlighting the differences
between the groups. Finally, we present the reasons
given by the participants for adopting these methods
and how these reasons are distributed between the
categories. To address the second research question, the
similarities and differences between the subgroups are
presented, including specific examples from the
qualitative data.

Perceptions toward Teaching Methods

The full list of teaching methods and percentages of
teachers who selected each method are presented in
Table 3. Shaded cells represent methods selected more
frequently.

As shown in Table 3, the preferred teaching methods
are lectures and presentations, followed by class
discussions and collaborative classwork. Case-based
learning, after school collaborative work and
educational tours, are interactive teaching methods that
were selected by less than 6% of the participants, and
therefore were not included in the data analysis. Only
three participants (1.8%) chose to add other teaching
methods such as private lessons or WhatsApp
communication.

When comparing subject coordinators” and teachers’
choices, only PBL was found to significantly differ
between the two groups (x?=12.17, p<0.001), as 16.7% of
subject coordinators selected this method, compared to
none of the teachers. It should be noted that high school
science teachers involved in PBL often refer to this
method as inquiry portfolio, as this type of alternative
assessment is required as part of the evaluation process
for students who chose to major in biology, chemistry, or
physics. The subject coordinators selected teaching
methods that incorporate assessment in 33% of the cases,
while teachers selected these methods in only 22% of all
cases. Teachers chose traditional methods in 46% of all
cases, compared to 38% among subject coordinators.

In the interviews, both the subject coordinators and
teachers expressed positive perceptions of most of the
teaching methods. All the participants expressed a
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positive perception of traditional teaching methods,
except for a highly experienced principal of a middle
school. When asked which teaching methods she
thought should be integrated in the classroom and about
guidelines she gives the teachers in her school, she
answered that “...the children will ask questions and
conduct inquiry projects, while the teacher serves as a mentot,
s/he is not in the center of the class, s/he tutors ... The children
should learn through experience”. She did not mention any
traditional teaching methods, and expressed a positive
opinion toward interactive teaching.

Three of the subject coordinators and two of the
teachers we interviewed had very positive perceptions
of interactive teaching methods and of methods that
incorporate assessment for learning (particularly
inquiry, experiment reports, projects, and computerized
teaching). Only the teacher with the least experience had
negative views about interactive teaching methods:
“...and many times, this is what I experienced this year, 1
really wanted to do something different, not conventional, and
it caused the students to lose focus”.

In the open-ended questions, many teachers
explained that they use lectures and presentations to
introduce new material, and use discussions,
independent work, and teamwork for practice.

Perceptions toward Assessment Methods

Table 4 presents the full list of assessment methods,
the participants’ selections, and example quotes that
explain the reasons given by the participants. Shaded
cells represent methods selected more frequently than
others.

As shown in Table 4, the most implemented
assessment methods were standardized tests with open-
and closed-ended questions, standardized tests with
open-ended questions, experiment reports, and project
portfolios.

Use of standardized tests with open- and closed-
ended questions was the only assessment method found
to significantly differ between subject coordinators and
teachers (x?=7.71, p<0.01), as 72.9% of subject
coordinators selected this method, compared to 47.1% of
the teachers.
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Table 4. Assessment methods used most by teachers (N=116)

Category Assessment method Percentage [%] Quote
N=116
Traditional Standardized tests with open- ended and 57.8 Reflects the knowledge of all the student levels in class
assessment closed-ended questions
Standardized tests with open-ended 33.6 A standard method, familiar/known to students and their
questions parents
Standardized tests with closed-ended 121 Easy to evaluate, students are familiar with it
questions
Alternative  Experiment report 25.0 The report enables evaluating knowledge and skills
assessment Project portfolio 241 The portfolio is a multi-stage, group effort that indicates
the student's attitude and creativity
Inquiry portfolio 15.5 Enables development of several skills, according to the
child's specific talents and levels of understanding
Computerized assessment 11.2 Computerized assessment is a very convenient method for
monitoring and evaluating students. The children tend to
participate more while using their smartphones
Oral tests 8.6 They depend on their own words and need to work hard

In response to the open-ended questions, most of the
participants expressed very positive or positive
perceptions of traditional assessment methods: “I don’t
think that there is anything wrong with tests, if there was, I
wouldn’t use them.”. The only exception was a middle
school principal: “...we are used to thinking that standard
assessment is easier to quantify... a test doesn’t offer a good
experience for the student, input-output, ... “. Although she
stated that a standardized test does not summon a
positive experience for the student, she acknowledged
that this kind of assessment is easier to conduct. Four of
the subject coordinators we interviewed had very
positive perceptions of alternative assessment methods:
“the advantage of alternative assessment is that they [the
students] will remember what they did in the long run... you
can make them love what they do”. The fourth subject
coordinator expressed a neutral or ambivalent attitude
toward alternative assessment methods: “If the plan is to
use alternative assessment there are a lot of factors to
consider...When the students work at home you cannot be sure
who did the work; family members could intervene”. Even
though most subject coordinators had a very positive
approach toward alternative assessment methods, they
acknowledged the advantages of standardized
assessment as being very quick, short, and mostly
providing a good representation of the students’
knowledge and abilities.

T-tests were used to investigate differences between
perceptions of subject coordinators and of teachers.
Differences in the perceptions of alternative teaching
and assessment methods between subject coordinators
(M= 3.96, SD=0.52) and teachers (M=3.46, SD=0.71) were
found to be significantly different, #(113.879)=4.128,
p<0.01. No significant differences were found between
these groups with respect to perceptions of both
traditional teaching and assessment methods and the
available resources that teachers have in their schools.

Reasons for Method Selection

We categorized and quantified the reasons given for
selecting the implemented methods, based on the
qualitative data gathered from the open-ended
questions in the questionnaires. Most of the explanations
focused on students” (95%) or teachers’ (91%) abilities.
The full list of reasons is presented in Table 5.

The second research question addresses cultural
differences between different groups of teachers. We will
present comparison data from the following groups: (a)
primary, middle school, and high school teachers; (b)
science vs. mathematics teachers; (c) teachers with
different levels of experience in teaching; and (d)
teachers from majority vs. minority groups. We
analyzed all participants, and referred to all of them as
teachers since the subject coordinators are also teachers,
and despite nuances, there were almost no differences
between the groups.

Figures 1-4 present the distribution of the
participants who selected each of the teaching and
assessment methods as the ones that are most
implemented in their classes, according to the criteria

defined.
Similarities and Differences - School Level

Figure 1 presents the most implemented teaching and
assessment methods at the school level - primary,
middle, and high school.
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Table 5. Reasons for implementation of methods*

Reason for the selected Frequencies of Example statements The method that the
preference statements (%) teacher referred to
Students’ abilities 95% ...students preferred this [assessment] method [standardized tests], standardized tests
because it requires less work from them.
Teachers’ abilities 91% In recent years, I've been teaching only with multidisciplinary Multidisciplinary
projects, I don’t believe in anything else. projects
Characteristics of the ~ 91% ...because the [PBL] requires a prolonged process and the PBL
method development of a product and more involvement. On the other
hand, they leave more room for individual interpretation.
Using class discussion enables dialogical teaching Class discussion
Ministry of Education  52% ...experiments, because they're mandatory according to the Experiment
guidelines Ministry of Education, and because they re fun.
Inquiry is part of the chemistry program... Inquiry
Challenges Logistics/ 52% ...because the of the lack of computers and laboratories, I don’t have Computers and
for teachers Budget many options. laboratories
We don’t have fieldtrips because our school location and budget ~ Fieldtrips
issues.
Time 38% Inquiry — although I am very supportive of this method, I find it~ Inquiry
limitations difficult to apply, because of the syllabus of the course and the tight
schedule.
I lecture when I don't have enough time Lecture
Teachers” 35% I don’t have enough training in the constructivist method. Constructivist
attributes methods
The students write questions, I create an exam based on questions I Tests based on
selected from that pull, and afterwards, I write the answer on students pull
Padlet so it's available to everyone
Subject matter 21% Fieldtrips are not suitable for teaching mathematics. Fieldtrips

Mathematic don’t leave much room for many teaching methods, so I Traditional methods
use lectures for explaining and teamwork for practice.
*Dark grey indicates high frequency while no color represents low frequency of the teachers’ reasoning
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Figure 1 (continued). Teaching methods (a) and assessment methods (b) that are most implemented in primary, middle,

and high schools
*A Standardized Test - ST

As shown, high school teachers use lectures,
presentations, and collaborative class work, more often
than experiments. Middle school teachers chose class
discussions as their most used method, followed by
worksheets and experiments. A high school
mathematics and physics teacher explained: “Anything
that doesn’t serve the matriculation examinations, the
students see as a waste of time, as they are involved in many
other social activities.” [1122023212026]. Primary school
teachers ranked presentations and short videos equally,
followed by lectures and class discussions, also at the
same frequency. As a primary school mathematics
teacher wrote: “Short movies are stimulating and intriguing,
questions are asked, and conclusions are drawn. PBL helps
construct the knowledge, as the students face a task, and the
teacher guides them by asking questions.” [1112041511035].

It appears that tests with open- and closed-ended
questions are used by all teachers, many of whom stated
that they use tests only to comply with system
requirements. High school and middle school teachers’
second choice was tests with open-ended questions,
while primary school teachers” second choice was
project  portfolios, followed by computerized
assessment. Few primary school teachers selected tests
with open-ended questions and experiment reports, but
they did choose a variety of other assessment methods.
As one teacher explained, “this enables the student to
express the knowledge he has acquired in different ways and
opens several paths towards success.” [1112033411079].

With respect to perceptions regarding available
resources teachers have in their schools, one-way
ANOVA revealed a significant difference (F=4.44,
p<0.05) between primary school teachers (M=4.6,
SD=0.45) and high school teachers (M=4.2, SD=0.62).

Primary school teachers” perceptions of alternative
teaching and assessment methods as well as traditional
teaching and assessment methods did not differ
significantly from the perceptions of their high school
peers.

Similarities and Differences - Subject

A comparison between mathematics teachers and
science teachers revealed differences that can be
associated with the demands of the subjects they teach,
as shown in Figure 2.

Mathematics teachers tend to use lectures, class
discussions, and worksheets. Science teachers use
experiments, presentations, and lectures, in that order.
Mathematic teachers use worksheets to the same extent
that science teachers use experiments. One mathematics
teacher stated that “students want and need to practice by
themselves or in groups.” [2122011311069]. A science
teacher said: “When a student conducts an experiment
independently, he experiences meaningful learning and has
higher  chances of remembering [the process].”
[1212112411064].

Regarding assessment, mathematics teachers prefer
tests with open-ended questions, while science teachers’
first choice was tests with open- and closed-ended
questions. Other than tests, mathematics teachers
selected project portfolios, while science teachers
selected experiment reports. A science teacher explained
that “open- and closed-ended questions on tests and
experiment reports enable evaluating the students in the most
correct way and offer the best opportunities for success and
curiosity.” [1211042411066].

A t-test conducted to compare mathematics and
science teachers revealed significant differences related
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to their perceptions of alternative teaching and
assessment methods, #(60.774)=-3.05, p<.01, and their
perceptions of traditional teaching and assessment
methods, $(109)=2.14, p<.05. Mathematics teachers
reported more negative perceptions of alternative
teaching and assessment methods (M=3.36, SD=0.7) than
science teachers (M=3.79, SD=0.63). Mathematics
teachers reported more positive perceptions of
traditional teaching and assessment methods (M=3.38,
SD=0.52) than science teachers (M=3.16, SD=0.48). No
significant difference was found with respect to the
resources available to teachers in their schools.
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Similarities and Differences - Teaching Experience

Seniority was divided into three categories: novice (1-
4 years), experienced (5-15), and expert (more than 15
years), as shown in Figure 3.

“

Novice teachers use presentations and lectures: “in
lectures 1 teach the material.” [2322112311033].
Experienced teachers selected lectures as their first
choice, and preferred «class discussions over
presentations. As one experienced teacher stated,
“discussions just happen in class all the time, I ask questions
or the children do, and it goes in many directions.”
[2222133411024]. The expert teachers selected both class
discussions and experiments as their first choice. Hence,
collaborative class work was chosen by both novice and
expert teachers in over 40% of the responses. An expert
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teacher said that “in collaborative class work, the students
learn from each other, are involved in studying, reinforce their
knowledge while explaining to their friends, and improve the
class atmosphere.” [2222040511104].

Regarding assessment, all the teachers selected
standardized tests with open- and closed-ended
questions, regardless of seniority.

No significant differences in perceptions were found
between teachers with different degrees of teaching
experience.

Similarities and Differences - Teachers’ Culture

The final comparison was done between teachers
from majority and minority groups, as shown in Figure
4.

Teachers from the majority group used lectures and
class discussions, while teachers from minorities used
lectures and collaborative classwork. As one of the Arab
teachers wrote, “working in small groups to solve problems
is very helpful and allows me to walk among the students and
help where needed.” [2322012221013]. Presentations were
ranked third place by both groups.

Standardized tests with open- and closed-ended
questions were the most implemented assessment
method for both groups. Project portfolios and open-
ended questions were in second place in the majority
group, and the minority group ranked experiment
reports in third place. Computerized assessment and
oral examinations differed as well. A teacher from the
majority group stated that “computerized assessment is
easy to control and evaluate.” [2212110311097], but none of
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the teachers from the minority group selected this
method of evaluation.

No significant differences were found between
teachers from the majority and minority groups with
respect to perceptions of alternative teaching and
assessment methods and perceptions of traditional
teaching and assessment methods, but a borderline
difference, #(114)=1.73, p=.85, was found with respect to
available resource teachers have in their schools.
Teachers from the majority group reported higher
availability of resources (M=4.37, SD=0.55) than teachers
from the minority group (M=4.15, SD=0.65).

DISCUSSION

Different methods have unique characteristics that
can be advantages or disadvantages, depending on
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(b) that are most implemented by teachers in majority and

circumstances such as time resources, student
heterogeneity, teamwork, and epistemic knowledge;
external issues such as school conditions; and intrinsic
issues such as teachers’ perceptions.

In this study, we explored STEM subject
coordinators” and teachers” perceptions of teaching and
assessment methods. We analyzed how cultural
differences influence the methods applied based on
teachers’ roles, schools, subjects, experience (novice,
experienced, or expert), and sector. Most teachers
reported implementation of more traditional methods.
Lectures, used by 48.3% of the participants, were the
most common teaching method. Closely behind, with
41.4% of the participants, were digital presentations and
class discussions. Despite NRC recommendations that
students productively participate in science learning,
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two of the three most common methods implemented by
the participants do not require the students to be active
during class, and class discussions often engage a very
small percentage of the students (NRC, 2012).

The most common assessment method was
standardized tests with open- and closed-ended
questions, followed by tests with open-ended questions,
experiment reports, and project portfolios. This may
indicate that there is a certain understanding of the need
to conduct assessment for learning along with
assessment of learning (Birenbaum et al., 2006).

Most reasons given by teachers to explain why they
did not select the methods recommended by the
Ministry of Education were related to lack of resources
or training. Insufficient support for teachers on using
alternative assessment methods might explain its
minimal implementation, as alternative assessment
requires considerable support and professional
development for teachers (Avargil et al., 2012; Haug &
Jdegaard, 2015; Westbroek et al., 2020).

Subject Coordinators and Teachers” Perceptions and
Reasoning

Subject coordinators selected teaching methods that
combine formative assessment, also referred to as
assessment for learning, more frequently than teachers,
who preferred traditional teaching methods. It seems
that teachers are more hesitant to adopt continuous,
progressive  teaching methods that incorporate
assessment. This hesitation may be due to the teachers’
lower self-efficacy compared to that of the STEM subject
coordinators. Self-efficacy can influence teachers” beliefs
and decision-making processes regarding
implementation of innovative educational methods
(Evers et al, 2002; Zee & Koomen, 2016). Subject
coordinators receive up-to-date training as part of their
managerial role, and therefore they are usually more
confident (Farchi & Tubin, 2016; Moore, 1992).

Most of the participants had ambivalent or negative
perceptions of alternative assessment methods than of
interactive teaching methods. Most of the teachers
avoided alternative methods because of their own
reservations, capabilities, or school settings. Teachers
need sufficient resources, a certain level of PCK, and
support, to apply formative assessment (Haug &
@degaard, 2015).

The explanations that teachers gave for choosing
certain teaching and assessment methods were related
mainly to teachers” or students” abilities (about 90%). As
an example of student-related reasons, one of the
teachers described his innovative and alternative
assessment as follows: “I ask each one of my students in the
same age group (about 200 students) to compose a question
and answer it. All the 200 questions and answers are posted

2 https:/ /www.oecd.org/pisa/

on the PADLET so everybody can access and study them. 1
create the tests from these questions.” [1212023512068]. An
example of a teacher-related argument is the response
given by [2421112211116]: “All the teachers of the same age
group and subject author the tests and quizzes jointly, saving
time and effort for all of us.”

Extrinsic reasons include guidelines from the
Ministry of Education, logistics, and students’ choices
and capabilities, which explain more than 50% of the
cases in which traditional methods are used. This
contradicts research showing that alternative assessment
is valued by students as part of the learning process
(Miedijensky & Tal, 2009; Mills & Treagust, 2003). With
respect to students’ involvement in alternative
assessment methods (Rached & Grangeat, 2020), it is not
compliant with the OECD vision of the future of
education (Howells, 2018).

Differences among a Variety of Teachers’ Attributes

We analyzed different attributes related to the type of
school and how this affects teachers” perceptions. High
school teachers use teaching methods that are more
collaborative and open, while middle school teachers
use  worksheets, which are controlled and
individualized. The difference in preferred methods can
be explained by the matriculation examinations in high
school. Interactive methods comprise about 30% of the
material for the matriculation examinations, which
requires use of alternative assessment (e.g., authentic
assignments, inquiry projects, and portfolios). Therefore,
high school teachers put the necessary effort into
adhering to these policies (Barak & Shakhman, 2008;
Dori, 2003; Fischman et al, 2019). In high school,
formative assessment methods are associated with
summative assessments (Mandler et al., 2012). Middle
school teachers try to prepare their students for the
PISAZ? national tests, and therefore ‘cover’ all the material
included in these tests. Primary school teachers usually
have more flexibility and can better focus on student-
centered methods (Zlabkova et al., 2020). Middle school
students can work more independently, while primary
school students usually need closer guidance. Therefore,
few primary school teachers selected tests with open-
ended questions and experiment reports, and preferred
a variety of other assessment methods, mainly student-
centered or combined methods, which enable a wider
range of self-expression. Yet, some primary school
teachers do not have enough content knowledge to
apply effective formative assessment methods (Grob et
al., 2019; Haug & @degaard, 2015).

Students” conceptual understanding requires
visualization and experience (Gale et al., 2016; Kop et al.,
2020). In science teaching, experiments are part of the
national, regional curriculum or learning program,
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while in mathematics, experiments are not part of the
learning culture. The choices made by mathematics
teachers compared to those made by science teachers
might represent this difference. Alternatively, this
difference may indicate a lack of pedagogical knowledge
regarding implementation of alternative teaching
methods apart from worksheets and collaborative class
work. For example, Marus$i¢ and Slisko (2012), who
investigated teaching methods used by physics teachers,
found that traditional teaching is not enough to improve
students” reasoning, and integrating questioning and
inquiry-based learning is more effective. Other
researchers found that PBL can contribute to higher
levels of conceptual understanding (Kohen et al., 2020).

In terms of experience, it seems the expert and novice
teachers use similar methods that differ slightly from
those of the experienced teachers. This might be
explained by novice teachers’ training and professional
development programs, as described in recent studies
(Buldur, 2017). Experienced teachers are more likely to
suffer from burnout than novice and expert teachers.
This burnout might cause a certain unwillingness to
implement interactive teaching methods. Most of the
expert teachers (75%) with 15 or more years of
experience are also subject coordinators, and as shown
above, they tend to use more interactive teaching
methods. Only 44% of the experienced teachers are also
subject coordinators, thus they may be less inclined to
use interactive teaching methods due to professional
development issues and burnout, as found also in
Rumschlag’s study (2017). We found that novice
teachers select structured methods that enable lesson
scaffolding, such as slides and worksheets, while expert
teachers select methods with higher levels of freedom for
the students, including class discussions, workgroups,
and experiments. This can be associated with the level of
confidence teachers gain over the years (Fitzgerald,
2020). Furthermore, novice teachers need training on
providing effective feedback to students (Ropohl &
Ronnebeck, 2019). In our study, inquiry and inquiry
portfolios were selected by very few novice teachers, as
found in Ress (2019), who explained that the novice
teachers require more experience. Some methods require
the confidence and experience that develops over time,
but others simply require further training.

Regarding the majority vs. minority groups, some of
the Arab minority schools are located in villages and
have fewer resources than those of the majority
population (Toren & Iliyan, 2008). As described by other
researchers, cultural differences have an impact on
science teaching (Shaukat et al., 2020). Therefore, it is
critical to foster awareness as a step towards equality,
and to allocate the resources needed to close the gaps
(Gindi & Erlich-Ron, 2019). Although the minority
groups might benefit from inquiry, which can overcome
formal language barriers, it was selected only minimally
by teachers in this group. Fully-guided experiments
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were selected ten times more often. This could be
explained by cultural differences. Arab teachers’
motivation is affected by their culture (Husny & Massry-
Herzllah, 2016). The minority populations tend to be
more confirmative by nature, and this is reflected in their
education systems. For example, novice Arab teachers
reported that students tend to reject new teaching
methods and prefer passive learning methods in which
the teacher is the source of knowledge (Toren & Iliyan,
2008). Therefore, these teachers tend to prefer
collaborative class work and experiments over class
discussions. Using collaborative class work and
experiments, students follow guidelines or complete
exercises, while an open discussion might be interpreted
as challenging the teacher’s authority and is considered
less acceptable (Abd-El-Khalick et al., 2004; Gindi &
Erlich-Ron, 2019). Collaborative class work also does not
require an extra budget.

Considering the COVID-19 pandemic that has
changed the education system, understanding teachers’
background, knowledge, perceptions, and resources is
most important. These parameters can determine how
changes that are mandatory during a time of a pandemic
can be assimilated by updating programs, and can
become stimulators of future educational evolution.

Research Limitations

In this research, we investigated 125 STEM subject
coordinators and teachers. However, we did not conduct
class observations or collect any information from
students, which should be done in future research. It is
essential to study students” perceptions, as they are the
beneficiaries of these methods (Bennett & Hogarth, 2009;
Bybee & McCrae, 2011). However, even teachers’ self-
reports show a significant difference between optimal
teaching and assessment methods, and the actual ones
used by teachers. Another limitation is that we assessed
only the teachers’ statements on which methods they
implemented, without referring to the effectiveness of
the different teaching and assessment methods and the
ways teachers apply them.

Research Contribution

This research is unique in the array of methods it
compares and its presentation of the reasons for
teachers” choices. Other studies have compared
students’ achievements or perceptions of two-three
teaching or assessment methods (Abd-El-Khalick, 2004;
Akkus et al., 2007; Barron, & Darling-Hammond, 2008;
Fitzgerald, 2020; Gale et al., 2016; Juuti et al., 2010;
Mandler et al., 2012; Marusié, & Slisko, 2012; Rees &
Roth, 2019; Tal el al., 2006). In our study, we compared
STEM teachers’ preferences regarding 14 teaching
methods and eight assessment methods, as well as their
perceptions of these methods. We also characterized



EURASIA ] Math Sci and Tech Ed

differences between teachers from different school
levels, subject matter, experience, and culture.

The methodological contribution stems from the five
categories we identified: (a) passive teaching, (b)
interactive teaching, (c) teaching methods that combine
formative assessment methods, (d) traditional
assessment, and (e) formative, alternative assessment
methods. These categories are used in our paper to
explain why teachers select one method over another,
and can help explain the existing dissonance between the
teachers’ statements and what ultimately happens in
class. This, in turn, can help find ways to overcome the
obstacles that prevent teachers from implementing them
in class.

From the practical perspective, as this research was
conducted prior to the COVID-19 pandemic, it sets a
baseline from which the educational system started. Last
but not least, our study contributes to developing a
better understanding of the teaching and assessment
methods actually implemented in schools, and presents
the gap between recommended and implemented
methods.

RECOMMENDATIONS

Teaching and assessment methods have been
developed and studied throughout the years. Student
learning should be assessed in ways that suit the nature
of the learning process. Learning should include
formative assessment, which could lead to further
learning (Birenbaum, et al. 2006; Wieman, 2014).

We recommend ensuring that when an educational
reform or innovation is introduced, teachers receive
sufficient and appropriate support that is well-suited to
their strengths and abilities, as well as the necessary
teaching resources (Corlu et al., 2014; Davis, 2002).
Teachers need support for translating theory into
practice, especially with respect to cultural differences
(Toren & Iliyan, 2008). For example, during professional
development workshops, introducing mathematics
teachers to relevant active learning methods, such as
dynamic geometry, can enhance inquiry and experiment
methods (Barabash, 2019; Soldano & Arzarello, 2016;
Stollman et al., 2020). Another example is training the
teacher on how a field trip can reinforce mathematics
education by putting the material into context.
Educational reforms and professional development
workshops should take into consideration the
availability of resources in the teachers’ schools (Sedawi
et al.,, 2019).

Implementation of reforms can be more successful if
teachers’ perceptions are addressed and external issues
are resolved by giving them adequate support. Teachers’
self-efficacy is also crucial for the successful
implementation of such reforms (Davis, 2002; Dogan et
al.,, 2015; Evers et al., 2002).

The COVID-19 pandemic emphasized the need for
enhancing teachers” online teaching skills. Standardized
tests were found to be used most frequently. However,
as they are less suitable for online assessment, teachers
must deepen their knowledge regarding alternative
assessment methods. It appears that subject
coordinators’ positive attitudes towards alternative
assessment has not been passed on to the teachers. One
way to deal with this is to create a teachers’ community
that focuses on assessment.

Specifically, curricula for pre-service STEM teachers
should include an assessment workshop that focuses on
theory and a variety of assessment methods. The pre-
service teachers will practice developing formative
assessment tasks, and rubrics for evaluating the
outcomes. Class discussions can focus on evaluation
criteria.

Professional development workshops for in-service
teachers should teach and exercise progressive
assessment methods and ways to apply them. During
these workshops, teachers should be exposed to several
examples, evaluate actual students’ deliverables,
experience teaching and assessing their peers, and
provide formative assessment for the workshop leaders.

We recommend that subject coordinators and school
managers incentivize teachers who apply formative
assessment methods. Schools can promote exposure
days in which students” deliverables are presented. This
will encourage teachers to use advanced assessment
methods.

Stakeholders in the Ministry of Education can
promote school seminars that encourage presentation of
students’” deliverables and recommend teachers’
participation in the professional development of
formative assessment methods.

With respect to all stakeholders, we recommend that
online teaching and learning in STEM disciplines be
emphasized and implemented with the appropriate
resources, to prepare teachers and students for the 21st
century, in both times of routine and crisis.
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APPENDIX A

Factor Loadings for Participants’ Perceptions of Teaching and Assessment Methods and School Resources

Perceptions towards teaching and assessment methods and school resources (N = 116) Factor 1 Factor 2 Factor 3
(1) In the school I teach at, teachers are encouraged to innovate their assessment methods 739

(10) In the school I teach at, teachers are encouraged to innovate their teaching methods 731

(11) In the school I teach at, efforts are made to integrate educational technologies 726

(13) In the school I teach at, teachers are encouraged to use alternative assessment 722

(15) In the school I teach at, alternative assessment is done at least once a year .706

(12) In the school I teach at, the students can influence the ways in which they are assessed .670

(6) In the school I teach at, the students can influence the contents they are taught .648

(4) In the school I teach at, the students often work in groups 438

(2) In the school I teach at, the students learn the science disciplines in laboratories .392

(5) In the school I teach at, the assessment is done in traditional methods 670

(16) In the school I teach at, the students are assessed by standardized tests only .659

(9) In the school I teach at, students are expected to work at home 479

(19) In my opinion, traditional assessment methods (standardized tests) are better and the most efficient 445

(21) In my opinion, high achieving students prefer standardized tests 400

(20) In my opinion, students prefer lectures rather than interactive teaching methods .082

(17) In my opinion, students prefer alternative assessment methods - statement reversed -.007b

(18) In my opinion, variety is the most important factor when integrating different teaching methods 406
(14) In the school I teach at, there is at least one computer farm -0.67
(8) In the school I teach at, teachers are encouraged to participate in teacher training programs 0.28°
(7) In the school I teach at, most classes are equipped with a computer for the teacher -.0830
(3) In the school I teach at, most classes are equipped with a digital projector 072

a Question was reversed
bQuestions were grouped according to content and context rather than factor loading
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