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Abstract

It has been argued that students’ understanding of  science ideas and concepts is based on their engagement
in science and engineering practices. However, research studying science and engineering practices engaging
in the content of  school science textbooks is particularly limited. The aim of  the present study is to develop
a framework and investigate (through it) the level at which science and engineering practices engage in the
content of  Greek middle school Physics textbooks about forces and motion. The analysis was carried out on
a total of  61 reports and activities on forces and motion that are included in school textbooks (student’s
book and lab workbook) used for teaching Physics to 13-year-old middle school students in Greece. Reports
and activities were analyzed using content analysis. An assessment rubric called “Science and Engineering
Practices Analytic Rubric” (SEPAR), which evaluates the level at which science and engineering practices
engage in the above reports and activities, was used throughout the analysis. The analysis demonstrated the
low level  at  which  science  and  engineering  practices  engage  in  the  analyzed  content  of  these  school
textbooks. The SEPAR can be used for analyzing science instructional material. The results mean that no
opportunities  are  provided to the  students  through the  content  of  these  school  textbooks so that  the
students could use science and engineering practices and become familiar with them in order to better
understand ideas and concepts about forces and motion.
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1. Introduction
Research data demonstrates that students usually fail to understand science ideas and concepts (Bransford,
Brown & Cocking, 1999; Leonard, Kalinowski & Andrews, 2014; Schneider & Hardy, 2013). Instead, they
memorize  facts  and  procedures,  fail  to  connect  what  they  are  taught  with  everyday  life  and are  not
motivated to promote their learning (Kulgemeyer & Schecker, 2014; National Research Council [NRC],
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2012;  Organisation for Economic Co-Operation Development [OECD],  2016).  This means that  it  is
important to study the reasons why science education has not produced satisfactory learning outcomes. 

The simplest  version of  a  framework for studying the educational  process  includes the students,  the
instructional material and the teachers (Chingos & Whitehurst, 2012). It has been underlined that research
efforts into studying the educational process have largely been focused on teachers and students rather
than on the instructional material (Banilower, Smith, Weiss, Malzahn, Campbell & Weis, 2013). However,
the instructional material, especially school textbooks, dominates the teaching practice, as it is particularly
frequently  used by  the  teachers.  In  particular,  the  school  textbook  is  often  the  primary  instructional
medium used for teaching science at school (Davis, Janssen & Van Driel, 2016; Fan & Zhu, 2007). The
school textbook directly affects students’ learning while the students interact with it and indirectly affects
students learning through its effect on the teachers and their instructional decisions during the teaching
process  (Bergqvist  & Chang Rundgren,  2017;  Chiappetta  & Fillman,  2007;  DiGiuseppe,  2014;  Mullis,
Martin, Foy & Arora, 2012). Therefore, the learning process is to a great extent based on the school
textbook both teachers and students use during teaching and learning. That is why the analysis of  school
textbooks has been the focus of  systematic research.

Especially in recent years, it has been argued that students’ understanding of  science ideas and concepts is
based  on  students’  engagement  in  science  and  engineering  practices  (NRC,  2012).  As  a  result,  the
development of  such practices in students as well as the students’ engagement in them is a main goal of
students’ science learning. “Tensions have emerged as science education researchers and practitioners have
increasingly  prioritized students’  development  of,  and engagement  in,  science practices over students’
acquisition of  declarative knowledge about science concepts and processes” (Pierson, Clark & Kelly, 2019:
page 833). 

Although students’ engagement in science and engineering practices is considered particularly important
for their science learning, research investigating the level at which such practices engage in school science
textbooks is more limited (Cellitti, Likely, Moy & Wright, 2018). Even though students’ learning depends
on the way teachers implement the instructional material, the design quality of  instructional material plays
a fundamental role in its implementation (Yang, Liu & Liu, 2019). In this direction, it is necessary to
establish  frameworks  through which  the  analysis  of  school  textbooks  is  possible  with  regard  to  the
practices  engaged  in  them.  Therefore,  there  is  a  serious  need  for  conducting  research  focused  on
establishing frameworks of  analysis and, through these frameworks, on investigating the engagement of
science and engineering practices in the content of  school science textbooks. 

This study is  focused on content about forces and motion that is  included in middle school Physics
textbooks  used  by  13-year-old  students  in  Greece.  Through  a  framework  (an  assessment  rubric),  it
investigates the opportunities provided by the content of  these school textbooks to the students so that
the latter can become familiar with science and engineering practices. The purpose of  this study is to
develop a framework and investigate (through this framework) science and engineering practices engaging
in  the  chapters  of  forces  and  motion  of  middle  school  Physics  textbooks  (student’s  book  and  lab
workbook) used in Greece. In particular, the study aims to answer the following research question: what is
the level  of  engagement of  science and engineering practices in reports and activities on forces and
motion included in Greek middle school Physics textbooks?

2. Theoretical Background
According to the US National Research Council, “science is not just a body of  knowledge that reflects
current understanding of  the world; it is also a set of  practices used to establish, extend, and refine that
knowledge.  Both elements –knowledge and practice– are essential” (NRC, 2012: page 26).  Therefore,
NRC has set the engagement of  students in practices as a main goal of  science education. The term
science and engineering practices refers to the practices scientists engage in while investigating phenomena
and building models  and theories about the natural  world,  or  engineers while  designing and building
models and systems (NGSS Lead States, 2013). The following eight science and engineering practices have
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been proposed for science education (NGSS Lead States, 2013; NRC, 2012): (a) asking questions (for
science)  and defining  problems (for  engineering),  (b)  developing  and using  models,  (c)  planning  and
carrying out investigations, (d) analyzing and interpreting data, (e) using mathematics and computational
thinking, (f) constructing explanations (for science) and designing solutions (for engineering), (g) engaging
in argument from evidence and (h) obtaining, evaluating, and communicating information.

Students’ engagement in science and engineering practices has significant effects on both their cognitive
and  emotional  domains.  In  particular,  it  has  been  argued  that  students’  engagement  in  science  and
engineering practices could help them understand the process for developing scientific knowledge and
even construct complex science ideas and concepts (Duschl, Schweingruber & Shouse, 2007; NRC, 2012).
Moreover,  when students engage in  science  and engineering practices,  they actively participate in  the
learning process, while their curiosity and interest are aroused more than when they simply memorize or
recall  information  (Inkinen,  Klager,  Juuti,  Schneider,  Salmela-Aro,  Krajcik  et  al.,  2020;  Krajcik,  2015;
Miller, Manz, Russ, Stroupe & Berland, 2018). Research data also demonstrates that teaching based on
such practices may support students’ feeling that they can successfully learn science (Mody, 2015).

3. Literature Review
Research focused on analyzing school science textbooks is particularly extensive. A recent literature review
carried  out  by  Vojíř  and  Rusek  (2019)  studied  research  papers  focused  on  analyzing  school  science
textbooks published between 2000 and 2018. In particular, 183 research papers analyzing school science
textbooks  were  studied.  The  majority  of  them focused  on selecting  and organizing  the  content,  on
teaching methods and visual images as well as on the language used in the textbooks that were studied.
Over the years, the number of  similar research papers increased, which proves that the analysis of  school
textbooks is a matter of  great research interest.

Among the papers focusing on analyzing the content of  school science textbooks there are also papers on
inquiry  processes  engaging  in  the  content  of  school  science  textbooks.  More  specifically,  there  are
research papers that focus on the evaluation of  the instructional efficiency of  inquiry processes engaging
in the content of  school textbooks. This category also includes frameworks of  analysis through which
school textbook activities can be analyzed with regard to the inquiry skills the students are expected to
develop (Germann, Haskins & Auls, 1996; Al-Naqbi, 2010; Tamir & Lunetta, 1981).

Other research papers focused on educational functions of  inquiry processes engaging in the content of
school textbooks. In this direction, Millar (2010) proposed a framework of  analysis (“Practical Activity
Analysis Inventory”) that can be used for analyzing activities as to whether they promote in the students
connections between the domain of  objects and observables and the domain of  ideas, while Yang and Liu
(2016) proposed a different framework of  analysis (“Inquiry-based Tasks Analysis Inventory”) through
which activities can be analyzed along four axes with regard to whether they help students understand
concepts, develop inquiry process skills, understand scientific inquiries and develop higher-order thinking
skills. The above framework was used for analyzing school Biology textbooks in China and revealed that
only a few of  their activities provided the students with adequate opportunities to understand scientific
concepts and inquiry processes, while  school textbooks only focused on certain inquiry process skills
(Yang et al., 2019).

There  are  also  research  papers  focusing  on  discriminating  the  openness  levels  of  inquiry  processes
engaging in school textbook content. These papers analyze the activities of  the textbooks with regard to
whether the questions, the methods of  the inquiry process and the solutions are provided to the students
or the students are left to provide them (Bell, Smetana & Binns, 2005; Bulunuz, Jarrett & Martin-Hansen,
2012; Fay, Grove, Towns & Bretz, 2007; Germann et al., 1996; Herron, 1971; Wenning, 2007).

Other research papers focused on whether inquiry processes are described by certain features, as the latter
have been determined by NRC (1996),  which engage in school textbook content. Dunne, Mahdi  and
O’Reilly  (2013)  analyzed primary  school  science  textbooks of  Ireland with regard to  the  features  of
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inquiry processes and discovered that most of  their activities included such features. However, the analysis
of  school chemistry textbooks in Turkey demonstrated that they did not include adequate features of
scientific inquiry (Kahveci, 2010). Based on these features of  scientific inquiry (NRC, 1996), 

Aldahmash, Mansour, Alshamrani and Almohi (2016) proposed a rubric for each of  these features in
order to analyze high-school science textbooks of  Saudi Arabia. It emerged that main features of  the
scientific  inquiry  engaged in  almost  half  of  their  activities.  However,  certain  features  occurred more
frequently  than  others,  which  occurred  more  rarely,  and  the  inclusion  of  these  features  was
“teacher-centered”. 

Therefore,  it  becomes evident  that  there  is  extensive research focusing on analyzing school  science
textbooks, while a substantial part of  the research has focused on inquiry processes engaging in school
textbook content. But, in recent years, the necessity of  engaging students in science and engineering
practices has been underlined, as it has been argued that the engagement of  students in these practices
is  necessary  in  order  to  understand  science  ideas  and  concepts  (NGSS Lead  States,  2013).  In  this
direction, based on a framework of  analysis they developed in order to analyze online science lessons
with regard to the dimensions of  science and engineering practices engaging in their content, Cellitti et
al. (2018) found that only certain practices engage in their activities and, more specifically, only certain
of  their dimensions. 

Although  the  importance  of  science  and  engineering  practices  in  science  education  has  been
recognized, research on analyzing printed or digital instructional material with regard to the practices
engaging in its content is particularly limited. Furthermore, this research analyzed the occurrence of
only certain dimensions of  science and engineering practices in science lessons, but the level at which
these  practices  engage  in  the  instructional  material,  and  especially  in  school  textbooks,  was  not
investigated.  This  reveals  the  necessity  of  conducting  research  focusing  on  both  constructing
frameworks of  analysis that include the properly graduated engagement levels of  these practices and
analyzing school science textbooks with regard to the opportunities the students are provided with in
order to engage in science and engineering practices as well as with regard to the level at which these
practices engage in school textbook content.

4. Methodology
4.1. Research Design

Reports and activities on forces and motion included in Greek middle school Physics textbooks were
analyzed using content analysis (Hsieh & Shannon, 2005; Krippendorff, 2013). Content analysis is a widely
spread and tested method for analyzing school textbooks (Strijbos, Martens, Prins & Jochems, 2006) and
is in line with the purpose of  the present study since it allows the identification of  different science and
engineering practices as well as the levels at which they are involved in the sections of  the content of  the
school textbooks selected to be analyzed.

The research process was divided into three phases. At first, reports and activities (units of  analysis) on
forces  and  motion  that  are  included  in  middle  school  Physics  textbooks  were  identified.  Then,  a
framework for the analysis of  the instructional material (school textbooks) was developed and, through
this, the instructional material was analyzed, the data was processed, and the conclusions were drawn.

4.2. Sample and Units of  Analysis

This study focuses on analyzing the chapters on forces and motion that are included in middle school
Physics textbooks used by 13-year-old students in Greece. The Greek educational system comprises three
stages. The first stage is the compulsory six-year primary school, including students aged between six and
twelve years old. The second stage, the middle school (Gymnasium), covers the three following years of
compulsory education, with students aged between twelve and fifteen years old. Finally, the third stage, the
high  school  (Lyceum),  covers  three  years  of  non-compulsory  education,  with students  aged between
sixteen and eighteen years old. Primary school students are taught science as a single subject, while when
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they attend the Gymnasium and the Lyceum, they are taught four distinct subjects, i.e. Physics, Chemistry,
Biology and Geology.

At the beginning of  each academic year, the students of  each grade are provided by the Greek Ministry of
Education  and Religious  Affairs  with the  school  textbooks they  are  to be  taught.  There  are  specific
textbooks  for  the  students  of  each  grade  and all  students  receive  the  same  textbooks.  There  is  no
possibility for teachers to choose the textbooks. Second grade middle school students (13 years old) are
provided with the same Physics textbooks (a student’s book and a lab workbook). The conceptual areas of
forces and motion is prominent in the content of  these textbooks and cover their greatest part. 

Any conceptual unit independent of  the rest text and able to make complete sense was described as unit
of  analysis. This means that it has a beginning and an end, while its content is relatively independent, i.e. it
can  be  identified  and separated  from the  other  units  of  analysis.  Sometimes  the  unit  of  analysis  is
identified with a subunit of  the school textbook, as specified by the authors. However, there are times
when the subunit is divided into separate units of  analysis because differentiations can be detected in their
conceptual contents. In particular, every report (text section that makes sense), every activity (problem,
question) and every activity of  the lab workbook was considered as a unit of  analysis. The unit of  analysis
consists of  the text part and the accompanying representations. The research sample included the units of
analysis of  the chapter on forces and motion of  the second grade Greek middle school Physics textbooks
(student’s book, lab workbook). There was a total of  61 units of  analysis.

4.3. Analysis Framework

Research  on  establishing  frameworks  that  analyze  instruction  with  regard  to  the  science  practices  it
includes is particularly limited. More specifically, a four-level rubric has been proposed (“Science Practices
Continuum”), which evaluates the level at which teachers and students engage each science practice in
science teaching (McNeill, Katsh-Singer & Pelletier, 2015). However, this framework is mainly focused on
teachers and students during the teaching process rather than on school textbooks.

For the purposes of  analyzing school science textbooks with regard to the science practices engaged, the
frameworks  that  have  been  used  evaluate  whether  or  not  certain  individual  dimensions  of  science
practices engage in school textbooks (Cellitti et al., 2018). However, they do not evaluate the levels at
which these practices (as a whole and not as separate dimensions) engage in school textbooks. Moreover,
the  above  frameworks  of  analysis  only  include  science  practices.  They  do  not  include  engineering
practices.  Therefore,  there  is  necessity  of  establishing  a  framework that  examines  the  level  at  which
science and engineering practices engage in the content of  school science textbooks.

In the framework that  was  specially  developed for the needs of  this  study,  Science and Engineering
Practices Analytic Rubric (SEPAR) evaluates the level at which science and engineering practices engage in
the content of  school textbooks (Table 1). This framework is a rubric with four levels for each practice.
The established framework was based on the framework developed by McNeill  et  al.  (2015)  and on
Appendix F of  NGSS, and especially on its data about Grades 6-8 (NGSS Lead States, 2013). The levels
differ according to the extent to which the practice engages in the units of  analysis.  When a unit of
analysis fails to provide the students with opportunities to engage in a practice, it is classified at level 0.
The other levels  (1,  2  and 3) represent  increasing proficiency in  practice.  For example,  regarding the
science and engineering practice in planning and carrying out investigations, when the students are not
provided with opportunities to design or conduct investigations through a unit of  analysis, then this unit
of  analysis  is  classified at  level  0.  When,  through a  unit  of  analysis,  the  students  are  provided with
opportunities to conduct investigations but those opportunities are guided by the school textbook (i.e. the
students are not let to make decisions on experimental variables or investigational methods), then this unit
of  analysis  is classified at  level  1.  Level  2 includes a  unit of  analysis  that  provides the students with
opportunities to design or conduct investigations for the collection of  data, while these opportunities
allow the students to make decisions on experimental variables, controls and investigational methods (e.g.
number of  trials). Finally, level 3 includes a unit of  analysis that, on the one hand, provides the students
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with opportunities to design and, on the other hand, provides the students with opportunities to conduct
investigations for the collection of  data, while these opportunities allow the students to make decisions on
experimental variables, controls and investigational methods.

Science and
Engineering

Practices
Level 0 Level 1 Level 2 Level 3

1. Asking 
questions and 
defining 
problems

The 
instructional 
material does 
not provide the
students with 
opportunities 
to ask 
questions or 
define 
problems.

The instructional material
provides the students 
with opportunities to ask 
questions or define 
problems. It is not 
clarified whether the 
questions to be asked 
should be scientific or 
non-scientific or whether 
the problems to be 
defined can be solved (by 
using previously obtained 
knowledge) through the 
development of  an 
object, a tool, a process or
a system.

The instructional 
material provides the 
students with 
opportunities to ask 
questions or define 
problems. It is clarified 
that the questions to be 
asked should be 
scientific, while the 
problems to be defined 
should be solved 
through the 
development of  an 
object, a tool, a process 
or a system. It is not 
clarified whether the 
merits and limitations of
the questions to be 
asked should be 
evaluated or the criteria 
for the materials, the 
time or the cost of  
solving the problems to 
be defined are not 
clarified.

The instructional material
provides the students 
with opportunities to ask 
questions or define 
problems. It is clarified 
that the questions to be 
asked should be scientific,
while the problems to be 
defined should be solved 
through the development 
of  an object, a tool, a 
process or a system. It is 
clarified that the merits 
and limitations of  the 
questions to be asked 
should be evaluated or the
criteria for the materials, 
the time or the cost of  
solving the problems to 
be defined are clarified.

2. Developing 
and using 
models

The 
instructional 
material does 
not provide the
students with 
opportunities 
to create or use
models.

The instructional material
provides the students 
with opportunities to 
create or use models. It is 
not clarified whether the 
models should focus on 
describing natural 
phenomena or on 
predicting and explaining 
the natural world. It is not
clarified whether the 
merits and limitations of  
the model should be 
evaluated.

The instructional 
material provides the 
students with 
opportunities to create 
or use models focused 
on predicting or 
explaining the natural 
world. It is not clarified 
whether the merits and 
limitations of  the model
should be evaluated. 

The instructional material
provides the students 
with opportunities to 
create or use models 
focused on predicting or 
explaining the natural 
world. It is clarified that 
the merits and limitations 
of  the model should be 
evaluated.

3. Planning and 
carrying out 
investigations

The 
instructional 
material does 
not provide the
students with 
opportunities 
to design or 
conduct 
investigations.

The instructional material 
provides the students with
opportunities to conduct 
investigations, although 
these opportunities are 
usually guided by the 
instructional material. It is 
not clarified whether 
decisions on experimental 
variables or the 
investigational method 
should be made.

The instructional 
material provides the 
students with 
opportunities to design 
or conduct 
investigations for data 
collection. These 
opportunities allow the 
students to make 
decisions on 
experimental variables, 
controls and 
investigational methods.

The instructional material
provides the students 
with opportunities to 
design and conduct 
investigations for data 
collection. These 
opportunities allow the 
students to make 
decisions on experimental
variables, controls and 
investigational methods.
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Science and
Engineering

Practices
Level 0 Level 1 Level 2 Level 3

4. Analyzing 
and interpreting
data

The 
instructional 
material does 
not provide the
students with 
opportunities 
to analyze data.
The 
instructional 
material may 
provide the 
students with 
opportunities 
to record data 
but not to 
analyze it.

The instructional material
provides the students 
with opportunities to 
work with data, which 
could include organizing 
or grouping the data. 
However, these 
opportunities do not 
support the students in 
recognizing patterns or 
relationships in the 
natural world.

The instructional 
material provides the 
students with 
opportunities to work 
with data so as to 
organize or group the 
data in a table or a 
graph. These 
opportunities support 
the students in drawing 
conclusions from the 
data through 
recognizing patterns and
relationships in the 
natural world.

The instructional material
provides the students 
with opportunities to 
make decisions about 
how they will analyze the 
data (i.e. in a graph or a 
table) and work with the 
data in order to create the
representation. These 
opportunities support the
students in drawing 
conclusions from the data
through recognizing 
patterns and relationships
in the natural world.

5. Using 
mathematics 
and 
computational 
thinking

The 
instructional 
material does 
not provide the
students with 
opportunities 
to use 
mathematical 
skills (e.g. 
measurements) 
or concepts 
(e.g. sum).

The instructional material
provides the students 
with opportunities to use 
mathematical skills or 
concepts, although they 
are not connected to 
answering a scientific 
question.

The instructional 
material provides the 
students with 
opportunities to use 
mathematical skills or 
concepts that are 
connected to answering 
a scientific question.

The instructional 
material provides the 
students with 
opportunities to make 
decisions about what 
mathematical skills or 
concepts to use. The 
students are provided 
with opportunities to use
mathematical skills or 
concepts to answer a 
scientific question.

6. Constructing 
explanations 
and designing 
solutions

The 
instructional 
material does 
not provide the
students with 
opportunities 
to construct 
scientific 
explanations 
(relating to how
or why a 
phenomenon 
takes place) or 
design 
solutions to 
problems.

The instructional material
provides the students 
with opportunities to 
construct scientific 
explanations (relating to 
how or why a 
phenomenon takes place) 
without encouraging 
them to use appropriate 
evidence and reasonings 
or design solutions to 
problems, without 
implementing scientific 
ideas and without 
inventing or contrasting 
multiple solutions to a 
problem.

The instructional 
material provides the 
students with 
opportunities to 
construct scientific 
explanations by 
encouraging them to use
appropriate evidence in 
order to support 
explanations or to 
design solutions to 
problems by 
implementing scientific 
ideas, though without 
generating and 
comparing multiple 
solutions to a problem 
based on how well they 
meet the criteria and the
constraints of  the design
solution.

The instructional material
provides the students 
with opportunities to 
construct scientific 
explanations by 
encouraging them to use 
appropriate evidence and 
reasonings in order to 
support explanations or 
to design solutions to 
problems by generating 
and comparing multiple 
solutions to a problem 
based on how well they 
meet the criteria and the 
constraints of  the design 
solution
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Science and
Engineering

Practices
Level 0 Level 1 Level 2 Level 3

7. Engaging in 
argument from 
evidence

The 
instructional 
material does 
not provide the
students with 
opportunities 
to engage in 
argumentation.

The instructional material
provides the students 
with opportunities to 
engage in argumentation 
by encouraging them to 
support their claims with 
evidence or reasoning. 
However, their discourse 
is mainly guided by the 
instructional material.

The instructional 
material provides the 
students with 
opportunities to engage 
in argumentation that is 
allowed to be guided by 
the students. It should 
be clarified that their 
discourse should include
evidence and reasoning 
in order to support their
claims. It is not clarified 
whether the students 
should engage in 
criticism of  the others’ 
ideas.

The instructional material
provides the students 
with opportunities to 
engage in argumentation 
that is allowed to be 
guided by the students. It 
should be clarified that 
their discourse should 
include evidence and 
reasoning (which connect 
their evidence with their 
claims) and judgments on 
the opposing arguments 
through which they 
support and question 
their own and the others’ 
ideas.

8. Obtaining, 
evaluating and 
communicating 
information

The 
instructional 
material does 
not provide the
students with 
opportunities 
to read text for 
scientific 
information.

The instructional material
provides the students 
with opportunities to 
obtain scientific 
information from texts, 
though without evaluating
this information. They are
not encouraged to 
contrast or combine 
information from 
multiple texts by 
examining the strengths 
of  the information and 
their sources.

The instructional 
material provides the 
students with 
opportunities to read 
and evaluate texts in 
order to obtain scientific
information. They are 
not encouraged to 
contrast or combine 
information from 
multiple texts by 
examining the strengths 
of  the information and 
their sources.

The instructional material
provides the students 
with opportunities to read
and evaluate texts in order
to obtain scientific 
information. They are 
encouraged to contrast or
combine information 
from multiple texts by 
examining the strengths 
of  the information and 
their sources.

Table 1. Science and Engineering Practices Analytic Rubric (SEPAR)

4.4. Data Analysis

The units of  analysis were analyzed with regard to the levels of  engagement of  each of  the eight science
and engineering practices, on the basis of  the SEPAR that was developed.

In order to ensure the reliability of  content analysis, the latter was carried out by two independently working
science education researchers. They codified every unit of  analysis by describing the level’ of  each practice
engaged in it and then calculated the degree of  agreement of  their results by using Cohen’s kappa coefficient
(Cohen, 1990). Kappa (k) coefficient in all eight practices was higher than 0.74 (0.75 for practices 2 and 6,
0.94 for the other practices). Any disagreements between the researchers were resolved through discussion.

Before the analysis started for the contents of  the 61 units of  analysis, a pilot analysis was carried out on a
small sample of  units of  analysis of  school textbooks in order to determine the levels of  all eight practices.
The pilot research was necessary for the researchers to get acquainted with the rubric and to discuss whether
they needed to make any corrections in the analysis process. After analyzing the 61 units of  analysis, the
frequencies and percentages of  the levels at which the practices engage in the reports and activities analyzed
were identified.

Below are three examples of  activities from Greek middle school Physics textbooks followed by their
analyses according to SEPAR.
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Example 1

“Circle the letter or the letters that correspond to the correct answers: 

a) action and reaction are equal and act in opposite directions, 
b) action and reaction are exerted on the same body, 
c) every action is always related to a reaction, 
d) the speeds of  two bodies on which action and reaction are respectively exerted are varied in the

same way.”

Analysis of  Example 1

The above activity does not provide the students with the opportunities to ask questions, develop and use
models, design investigations, analyze data, use mathematical concepts, construct explanations, engage in
argument or study a text in order to extract information. As a result, through this activity, the students do
not engage in any of  the eight science and engineering practices. It is therefore concluded that the level at
which the practices engage in this activity, in accordance with SEPAR, is level 0.

Example 2

“A rubber lies stationary on your desk. Draw the forces acting on the rubber and state by which object
each of  them comes from. Classify them into contact and non contact forces. Repeat the same steps while
moving the rubber in one direction along the page of  your notebook in order to erase a sentence.”

Analysis of  Example 2

The above activity engages the practice that is related to the development and use of  models. In particular,
through this activity, the students are provided with the opportunity to use models (by drawing forces
represented as vectors). However, the students are not asked to predict and explain phenomena through
the representation of  forces. Also, the students are not asked to evaluate the model and its merits and
limitations  on  representing  forces  in  the  specific  activity.  Hence,  according  to  SEPAR,  the  practice
involving the use of  models engages in this activity at level 1. Furthermore, this activity does not provide
the students with opportunities to engage in any of  the seven other science and engineering practices. As
a result, the remaining seven practices engage in this activity at level 0.

Example 3

“With the help of  a rope a constant horizontal force is exerted on a box that moves in a straight line with
constant velocity on a rough horizontal floor. If  the force of  weight exerted on the box is 200N and the
force of  friction is 80 N. (a) Draw all the forces exerted on the box, (b) Calculate the magnitude of  the
force exerted by the rope and the force exerted by the ground.”

Analysis of  Example 3

The above activity engages the practice that is related to the development and use of  models. Through
this  activity,  the  students  are  provided  with  the  opportunity  to  use  models  (by  drawing  forces
represented as vectors). Furthermore, the students are asked to predict and explain phenomena (they
calculate the forces after taking into account both Newton’s first law and the constant velocity of  the
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box in the straight line) through the representation of  forces. However, the students are not asked to
evaluate the model and its merits and limitations on representing forces in the specific activity. Hence,
according  to  SEPAR,  the  practice  involving  the  use  of  models  engages  in  this  activity  at  level  2.
Furthermore, this activity provides opportunities to use mathematics (they should use vector addition in
order to calculate the forces) but they don’t make decisions about what mathematical skills or concepts
to use and they are not using mathematical skills or concepts to answer a scientific question. Hence,
according  to  SEPAR,  the  practice  involving  the  use  of  mathematics  and  computational  thinking
engages in this activity at level 1. Finally, this activity does not provide the students with opportunities
to engage in  any of  the  other  six  science  and engineering  practices.  As  a  result,  the  remaining  six
practices engage in this activity at level 0.

5. Results and Discussion
Data analysis identified the levels of  the practices involved in the content about forces and motion that is
included in the middle school science textbooks that were studied. Table 2 shows the frequencies and
percentages of  the levels of  science and engineering practices engaging in all 61 units of  analysis.

Figure 1 shows the percentages of  the levels of  science and engineering practices engaging in all 61 units
of  analysis.

The practice of  asking questions and defining problems seems to be completely absent from the content
of  school science textbooks about forces and motion that was analyzed. As a result, the specific textbooks
do not provide the students with opportunities to ask questions, realize the difference between scientific
and non-scientific questions, and evaluate the merits and limitations of  scientific questions. Furthermore,
they  do  not  provide  the  students  with  opportunities  to  define  problems  that  can  be  solved  (using
previously obtained knowledge) through the development of  an object, a tool, a process or a system, as
well as to define the criteria related to the materials, the time or the cost of  solving the problems to be
defined. However, it has been underlined that when the students themselves ask questions and define
problems,  their  original  conceptions  may  be  activated  and  they  can  be  helped  in  processing  their
knowledge (Chin & Osborne,  2008).  Moreover,  when students ask questions,  they take the first  step
towards designing and conducting scientific investigations (Kahveci, 2010; Millar, Osborne & Nott, 1998).
In addition, when students are provided with opportunities to ask questions or define problems, their
active engagement in the teaching process may be increased, as demonstrated by empirical data (Reiser,
Novak, Tipton & Adams, 2017).

Science and Engineering
Practices

Level 0 Level 1 Level 2 Level 3

f % f % f % f %

Asking questions and defining 
problems

61 100 0 0 0 0 0 0

Developing and using models 41 67.2 18 29.5 2 3.3 0 0

Planning and carrying out 
investigations 59 96.7 2 3.3 0 0 0 0

Analyzing and interpreting data 59 96.7 2 3.3 0 0 0 0

Using mathematics and 
computational thinking

51 83.6 10 16.4 0 0 0 0

Constructing explanations and 
designing solutions 44 72.1 15 24.6 2 3.3 0 0

Engaging in argument from 
evidence

58 95.1 3 4.9 0 0 0 0

Obtaining, evaluating and 
communicating information 59 96.7 2 3.3 0 0 0 0

Table 2. Frequencies and Percentages of  Practice Levels in Reports and Activities of  Greek Middle School Science
Textbooks
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Figure 1. Percentages of  Practice Levels in Reports and Activities of  Greek Middle School
Science Textbooks

Regarding the practice of  developing and using models, it was found that there is a small number of  units
of  analysis  providing  the  students  with  opportunities  to  use  models  that  aim  to  describe  natural
phenomena, while the students are rarely asked to provide predictions and explanations based on these
models. Also, there were no units of  analysis providing the students with opportunities to develop their
own models. However, the development and use of  models by the students as well as their familiarization
with both the accompanying rules and their operation can contribute to understanding the phenomena for
which these models have been developed (Ainsworth, Prain & Tytler,  2011). Furthermore, the use of
models may help the students in asking scientific questions, constructing explanations, making predictions
and communicating their ideas (Nersessian, 2008; Schwarz, Reiser, Davis, Kenyon, Achér, Fortus et al.,
2009). In addition, developing models could arouse students’ interest in the lessons. As a rule, during the
lessons that follow the traditional teaching approach, the students are introduced to models, but they are
not provided with the opportunity to develop models. Research data demonstrates that the development
of  models by the students themselves contributes to their active participation in the learning process
(Inkinen et al., 2020).

Practices related to designing and conducting investigations as well as analyzing and interpreting data
engage in a very small number of  units of  analysis. However, even in these cases, the engagement of  the
students is guided by the textbook. In particular, when students conduct investigations in these units of
analysis, they do not decide on the experimental variables or the investigational method (e.g. number of
tests).  Moreover,  when the  students  work  on data,  they  are  rarely  provided with  the  opportunity  to
recognize  patterns  within  the  data.  Nevertheless,  it  has  already  been  pointed  out  that  understanding
science  ideas  and  concepts  requires  the  engagement  of  students  in  the  stages  and  the  progress  of
scientific investigation (Mercer, Dawes, Wegerif  & Sams, 2004; OECD, 2013). Besides, this practice is
considered necessary for understanding the nature of  science (NRC, 2012; Pearson, Moje & Greenleaf,
2010), develop students’ ability to produce justified explanations (NRC, 2012) and arouse students’ interest
in science lessons (Duschl & Bybee, 2014). 

Regarding the practice of  using mathematics and computational thinking, it was found that rarely does the
content of  school textbooks analyzed provide the students with the opportunity to use their mathematical
skills  or  concepts.  However,  Orton and Roper (2000) have stressed that the use of  mathematics and
computational thinking may contribute to a deeper understanding of  science ideas and concepts.

-467-



Journal of  Technology and Science Education – https://doi.org/10.3926/jotse.1286

The practice of  constructing explanations and designing solutions can be found in a number of  reports
and activities of  the textbooks. But even in these cases, rarely are the students encouraged to use evidence
and reasonings. Still, the construction of  explanations constitutes an essential element of  students’ science
learning (NRC, 2012). In other words, the process of  constructing scientific explanations and designing
solutions may contribute to a deeper understanding of  the content of  science and the nature of  science
by the students (Sandoval & Reiser, 2004).

The practice of  engaging in argument based on evidence occurs in only a small number of  reports and
activities  of  the  school  textbooks  analyzed.  There  were  no  activities  engaging  the  students  in
argumentation  guided  by  themselves  so  that  they  could  assess  their  own  and  their  schoolmates’
explanations. Nevertheless, the engagement in argument based on evidence is considered an essential
element of  students’ science learning (NRC, 2012). The engagement in argument is necessary not only
for those who intend to be actively involved in a scientific field but for every citizen as well. Citizens are
necessary to evaluate scientific data they find on the Internet or in newspapers and journals in written
form, or verbal data coming from television or radio broadcasts (McNeill & Krajcik, 2009). They should
have developed the ability to evaluate arguments, determine whether their claims are based on evidence
or whether the reasonings included are adequately justified. Furthermore, engaging in argument may
help the students better understand science content (Pimvichai, Yuenyong & Buaraphan, 2019; Sandoval
& Reiser, 2004).

Also,  rarely  are  the  students  provided  with  the  opportunity  to  obtain  scientific  information  from
“additional”  texts,  while  they  are  not  asked  to  evaluate  this  information  or  to  compare  or  combine
information from multiple texts by examining the strengths of  this information and its sources. However,
the above processes contribute to understanding science content and developing critical thinking (Pearson
et al., 2010).

6. Conclusions
The present study intended to investigate the level at which science and engineering practices engage in
reports and activities on forces and motion included in Greek middle school Physics textbooks. This study
demonstrated that the majority of  reports and activities included in the middle school Physics textbook’s
chapter  on  forces  do  not  provide  the  students  with  enough  opportunities  to  engage  in  science  and
engineering practices. There is only a limited number of  reports and activities that provide the students
with opportunities to engage in practices, although the latter are guided by the textbook and the students
are not allowed to take initiatives and, therefore, they do not become thoroughly familiar with science and
engineering practices. There are almost no reports or activities through which the students are provided
with both opportunities to engage in science and engineering practices and initiative to make decisions.
The lack of  engaged science and engineering practices from the largest part of  the content of  school
textbooks analyzed possibly does not facilitate the students to understand ideas and concepts about the
conceptual area of  forces and become familiar with these practices.

The results of  the present paper demonstrate that the content of  the school textbooks analyzed should by
revised. On the one hand, all science and engineering practices should engage in their content, while, on
the  other  hand,  the  level  at  which  these  practices  engage  should  be  increased.  However,  additional
research is required so that the efficiency of  the activities that deeply engage these practices can further be
investigated. It should also be noted that revising such activities requires experienced teachers who can
properly implement them. 

In this paper, a framework (SEPAR) was created for studying the level at which science and engineering
practices engage in the content of  school textbooks. The proposed SEPAR framework could be used in
the fields of  teaching practice and research. In the field of  teaching practice, the SEPAR framework can
be used by the teachers for analyzing both the instructional  material  they are provided with and the
additional instructional material (printed or digital) they seek and find in other sources. Helped by this
framework, the teachers can find out whether the goals they have set regarding practices are attainable
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through the instructional material they are provided with. Moreover, with the use of  this  framework,
teachers  can modify  the  activities  of  the  instructional  material.  In the  field  of  research,  the  SEPAR
framework can be used by researchers for analyzing the instructional material used in science education by
primary and secondary education schools, but also for analyzing new instructional material that will be
produced in order to address the weaknesses of  the current instructional material.

This paper focused on investigating the practices engaging in a specific chapter of  middle school science
textbooks. In order to obtain a more complete picture of  the practices in which the students engage, it is
necessary to analyze all chapters of  primary and secondary school science textbooks used in the Greek
educational system. Furthermore, in terms of  research, it would be really interesting to analyze school
textbooks of  the same conceptual area (i.e. forces and motion) used in other countries, and contrast the
results. 

It should also be underlined that the present paper focused only on analyzing the content of  school
textbooks rather than implementing them within the school framework. Further research is required in
order to systematically study the effect of  using science and engineering practices by implementing the
school textbooks on the students.

In addition, further research is required so that to produce instructional material based on more deeply
engaging  science  and  engineering  practices  and  to  study  the  effect  of  its  implementation  on  both
familiarizing the students with the use of  science and engineering practices and on making science ideas
and concepts understandable by the students.
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