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Abstract:

This qualitative study used a document analysis method to examine the assessment and
evaluation activities at the end of each chapter and unit of an eighth-grade science course
textbook according to the Program for International Student Assessment (PISA) science
literacy proficiency scale. The textbook was approved by the Turkish Ministry of
Education as the only textbook to be used for a period of five years starting from the
2018-2019 academic year. Descriptive analysis of data obtained from the PISA science
literacy proficiency scale was undertaken, expert evaluation was used as a measure of
the proficiency level corresponding to each item. Chi-Square goodness of fit test was
applied to determine the significance of these values. Intraclass correlation values were
calculated to reliably determine the consistency among the opinions of the experts
included in this study. The study found that the textbook included activities at
proficiency levels 1, 2, 3, 4, and 5; however, no assessment and evaluation activities were
found to be included at level 6. It was also found that 62.23% of the activities were at level
1, 18.02% were at level 2, 11.15% were at level 3, 6.43% were at level 4, and 2.14% were at
level 5. Additionally, adequacy levels of the activities were found to differ according to
the corresponding units. It is recommended that the content and activities of the
textbooks be reviewed again to develop high-level skills according to the PISA science
literacy proficiency scale, and that activities used to measure high-level skills be included
in the science textbooks.
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1. Introduction

The Program for International Student Assessment (PISA) is a test used to evaluate the
ability of 15-year-old students to transfer the knowledge and skills they have received in
educational environments to real-life situations. The test is applied to these students from
countries in the Organization for Economic Cooperation and Development (OECD), and
to students from other participating countries (OECD, 2017). The aim of the PISA
program is to test students” knowledge and skills in the fields of science, reading literacy,
interdisciplinary problem-solving, and mathematics (Dohn, 2007). In light of the data
collected from the PISA assessments and questionnaires, which have been implemented
every three years since 2000, it is possible to make predictions about the quality of
education systems around the world owing to the knowledge and skills outcome of these
tields (Bybee et al., 2009). Every three years, the PISA selects one of these domains
(reading literacy, science, and mathematics) as the main focus of the PISA assessment.
For instance, in 2000 and 2009 reading literacy was determined as the area of focus, while
2003 and 2012 focused on mathematics, and 2006 and 2015 focused on science. The main
focus of the 2018 PISA implementation was reading literacy (OECD, 2019). According to
the PISA, science literacy can be defined as “the ability to understand nature, make comments,
and draw inferences about it (nature), be able to identify scientific problems using scientific
concepts, be able to use scientific process skills to solve them, and be able to willingly engage with
ideas and professions related to science” (OECD, 2019). A review of the contents of the PISA
tests shows that the aim of the test is to research and determine the extent to which
students have mastered these skills in daily life rather than determine whether they have
acquired scientific knowledge. In this context, the PISA science literacy scale is used to
assess the extent to which students have mastered certain identified critical thinking skills
(OECD, 2017).

2. PISA Science Literacy Scale

Seven levels of proficiency in science literacy are described in the PISA. The skills and
procedures that students can perform are described according to these proficiency levels.
The explanations regarding the proficiency levels are given in the table below (OECD,
2019).
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Table 1: PISA science literacy proficiency scale (OECD, 2019, p. 113)

Level

The
Lowest
Score

Percentage of
Students at this
Level (OECD
Mean)

What students can do
at this level (Task Description)

708

0.8 %

Students can draw on a range of interrelated scientific ideas and
concepts from the physical, life, and earth and space sciences and
use content, procedural and epistemic knowledge in order to offer
explanatory hypotheses of novel scientific phenomena, events and
processes or to make predictions. In interpreting data and
evidence, they are able to discriminate between relevant and
irrelevant information and can draw on knowledge external to the
normal school curriculum. They can distinguish between
arguments that are based on scientific evidence and theory and
those based on other considerations. Level 6 students can evaluate
competing designs of complex experiments, field studies or
simulations and justify their choices.

633

6.8 %

Students can use abstract scientific ideas or concepts to explain
unfamiliar and more complex phenomena, events and processes
involving multiple causal links. They are able to apply more
sophisticated epistemic knowledge to evaluate alternative
experimental designs and justify their choices, and use theoretical
knowledge to interpret information or make predictions. Level 5
students can evaluate ways of exploring a given question
scientifically and identify limitations in interpretations of data
sets, including sources and the effects of uncertainty in scientific
data.

559

24.9 %

Students can use more complex or more abstract content
knowledge, which is either provided or recalled, to construct
explanations of more complex or less familiar events and
processes. They can conduct experiments involving two or more
independent variables in a constrained context. They are able to
justify an experimental design by drawing on elements of
procedural and epistemic knowledge. Level 4 students can
interpret data drawn from a moderately complex data set or less
familiar context, draw appropriate conclusions that go beyond the
data and provide justifications for their choices.

484

52.3 %

Students can draw upon moderately complex content knowledge
to identify or construct explanations of familiar phenomena. In
less familiar or more complex situations, they can construct
explanations with relevant cueing or support. They can draw on
elements of procedural or epistemic knowledge to carry out a
simple experiment in a constrained context. Level 3 students are
able to distinguish between scientific and non-scientific issues and
identify the evidence supporting a scientific claim.

410

78.0 %

Students are able to draw on everyday content knowledge and
basic procedural knowledge to identify an appropriate scientific
explanation, interpret data and identify the question being
addressed in a simple experimental design. They can use basic or
everyday scientific knowledge to identify a valid conclusion from
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a simple data set. Level 2 students demonstrate basic epistemic
knowledge by being able to identify questions that can be
investigated scientifically.

Students are able to use basic or everyday content and procedural
knowledge to recognise or identify explanations of simple
scientific phenomena. With support, they can undertake
structured scientific enquiries with no more than two variables.
la 335 94.1 % They are able to identify simple causal or -correlational
relationships and interpret graphical and visual data that require
a low level of cognitive demand. Level 1a students can select the
best scientific explanation for given data in familiar personal, local
and global contexts.

Students can use basic or everyday scientific knowledge to
recognise aspects of familiar or simple phenomena. They are able
to identify simple patterns in data, recognise basic scientific terms
and follow explicit instructions to carry out a scientific procedure.

1b 261 99.3 %

Comments about students” proficiency across the country can be made based those data
obtained from this scale (OECD, 2007). In the scale, starting from level 1b up to level 6,
proficiency levels below level 2 are defined as “low proficiency levels”, while the
proficiency levels of 5 and 6 are introduced as “high proficiency levels” (Ministry of
National Education (MoNE), 2016). Students should be able to put together the complex
elements of a problem to solve challenging questions posed by the PISA, and should be
able to make appropriate explanations by using their ideas and creativity to solve those
problems (Aygogdu Iskenderoglu & Baki, 2011). A total of 13.6% of students from OECD-
member countries reached levels 5 and 6 for the 2018 PISA. Concerning the performance
of Turkish students, only 2.4% reached the top two proficiency levels. In addition, 0.3%
of Turkish students were found to be below level 1, while 24.8% were at level 1, 32.8%
were at level 2, 27.3% were at level 3, 12.3% were at level 4, 2.3% were at level 5, and 0.1%
at level 6; Turkish students scored below the mean scores of students from other OECD
countries. Assessment and evaluation activities in textbooks can also affect this result,
because textbooks play a vital role in science teaching and learning (Abd-El-Khalick et
al., 2008). Textbooks are tools that transfer 99% of all of the knowledge provided by
teachers and other teaching materials to students (Alkan, 1996). Furthermore, textbooks
are frequently used by teachers among those teaching materials most (Karna et al., 2012).

In the relevant literature, no study could be found in which the assessment and
evaluation activities of secondary school science-textbooks had been examined according
to the PISA science literacy assessment scale. Within such a context, and considering the
PISA science literacy proficiency scale, the levels to which the assessment and evaluation
activities in the eighth-grade science course textbook correspond to the PISA science
literacy proficiency scale are determined. The textbook in question was accepted by the
MoNE in Turkey as the only textbook to be used for a period of five years following the
2018-2019 academic year.
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3. Material and Methods

This research was designed as a case study and uses a qualitative research method. The
document analysis method was used to analyze the study data. Documents have an
important place in qualitative studies (Creswell, 2012), and document analysis involves
the analysis of written materials related to the case or cases that concern the aim of a
research investigation (Yildirnm & Simsek, 2014). An eighth-grade science textbook,
which is to be valid for a five-year period starting with the 2018-2019 academic year, was
examined according to the Science Literacy Proficiency Scale of the 2018 PISA. PISA
science-literacy proficiency levels of assessment, and evaluation activities in the book
were analyzed by both the researcher as well as experts in the scientific field. The
opinions of 10 experts were used to develop this study. Mode values, which have
descriptive statistical values, were analyzed to determine those levels of assessment and
evaluation at which the question items at the end of each chapter and unit were
concentrated.

To accept the mode values determined as the agreed level of measurement and
evaluation for each item, Chi-square goodness of fit analysis was performed on those
data collected from the expert group. The values expected as a result of the analysis do
not indicate fitness, but significance. After the level of science literacy competence for all
assessment and evaluation items were determined, the intraclass correlation value—a
fitness statistic—was analyzed using an analysis program to determine the degree of
compatibility of the experts’ responses. It is recommended that, in the process of
calculating this reliability, at least three people conduct this assessment; however, using
more people in this regard will make the study more reliable (Bademci, 1991).
Accordingly, the evaluations of 10 experts were used to make this study more reliable.
Results of these analyses showed which assessment and evaluation activities
corresponded to which levels in the PISA science literacy proficiency scale. After the
adequacy levels of the questions had been determined frequency and percentage tables,
which show the levels of questions for each unit, were then formed and examined.

4. Results

Data obtained from Seasons and Climate, DNA and Genetic Code, Pressure, Matter and
Industry, Simple Machines, Energy Transformations and Environmental Science, Electric
Charges, and Electric Energy units in the textbook were investigated by drawing up
tables. Table 2 shows the distribution of end-of-chapter and end-of-unit assessment, as
well as the evaluation activities of these units individually.
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Table 2: The distribution of assessment and
evaluation activities in the eighth-grade science textbook

Units End-of-Chapter End-of-Unit
Assessments Assessments
N N
Seasons and Climate 6 32
DNA and Genetical Code 11 19
Pressure 2 26
Matter and Industry 12 29
Simple Machines 3 30
Energy Transformations and Environmental Science 10 19
Electric Charges and Electric Energy 8 26
Numbers of the Activities 52 181
Total: 233

The PISA science literacy proficiency levels of 233 assessment and evaluation activities in
the textbook were reported based on experts” opinions. The question posed to students
for Matter and Industry unit’s end-of-unit evaluation activity was:

“444 of substance A and 668 of substance B are put in a container, and a reaction occurs
between these substances (substances A and B completely disappear). This reaction makes
substances C and D. Since 40 g of substance D is formed as a result of the reaction, how
many g of substance C have been produced?” (Aytac et al., 2018, p. 109).

This was coded as a proficiency level 2 question. This question was also classified
at proficiency level 2 by the experts because, based on the knowledge that the mass is
preserved during chemical reactions, students were expected to be able to comment on
the masses of the products produced when a basic reaction occurs. The following
evaluation questions are posed at the end of the unit Electric Charges and Electric Energy:

“Tools mounted on top of tall buildings to protect against lightning are called............... ;
If two objects charged with electricity repel each other, they are charged with..............”;
The objects in which positive and negative charges are equal are called.............
objects.” (Aytac et al., 2018, p. 235)

These was coded at proficiency level 1. The students make use of the keywords
given, and use easy procedures and within a narrow field of knowledge information
while they solve the questions posed. They can define basic concepts in the questions to
some small degree and match these definitions directly by placing them in situations.
These examples are included in the PISA science literacy proficiency level 1. A question
posed to students for Simple Machines unit’s end-of-unit evaluation activity was:

“A farmer wants to move a big rock from his field. He uses a large wooden plank and a
small rock. By how placing the plank and rock can the farmer move the big rock by applying
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little effort force? Draw and show the mechanism. How does this mechanism help the
farmer? Draw and show the directions of the forces applied.” (Aytac et al., 2018, p. 165).

This question was coded at proficiency level 5. This activity was shown as an
example of proficiency level 5, as students were expected to draw a prototype diagram
and explain the causal relationships related to the problem by using their high-level
reasoning and flexible thinking skills.

Table 3: Results of assessment and evaluation activity items of
the Simple Machines unit according to experts’ opinions

Activity Items Mode Chi-Square Value
M138 5 *3.6
M139 1 *6.4
M140 1 *6.4
M141 1 *3.6
M142 1 *6.4
M143 1 *6.4
M144 1 *6.4
M145 1 *6.4
M146 1 *6.4
M147 1 *3.6
M148 1 *6.4
M149 1 *6.4
M150 1 *6.4
M151 1 *6.4
M152 1 *6.4
M153 1 *6.4
M154 1 *6.4
M155 1 *6.4
M156 1 *3.6
M157 1 *6.4
M158 1 *6.4
M159 1 *6.4
M160 1 *3.6
Miel 1 *6.4
M162 1 *6.4
M163 1 *3.6
M164 1 *6.4
M165 3 *3.6
M166 1 *3.6
M167 1 *3.6
M168 2 *3.6
M169 3 *3.6
M170 3 *3.6
*Significant at p<0.05
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In the unit Simple Machines, 28 items at level 1, one item at level 2, three items at level 3,
and one item at level 5 were determined; however, no item corresponding to levels 4 and
6 was found. The intraclass correlation values that indicate the consistency between the
experts’ opinions are given in the table below.

Table 4: The intraclass correlation values between the experts

Experts Intraclass Correlation Value
For All Experts 0.852
For One Expert 0.982

As can be seen in Table 4, the intraclass correlation coefficient, which is determined as
the measure of agreement among the experts, is 0.98 for one expert. This value shows that
the consistency among expert opinions was perfectly reliable. The resultant reliability of
all expert opinions was calculated as 0.85. This value shows that there was a high level of
consistency among those experts who examined the textbook. It is seen, when the eighth-
grade science textbook is examined as a whole, that there were assessment and evaluation
activities at the levels 1, 2, 3, 4, and 5, but that no activity was included at level 6. It was
found that 62.23% of the activities were at proficiency level 1, 18.02% were at proficiency
level 2, 11.15% were at proficiency level 3, 6.43% were at proficiency level, and 2.14%
were at proficiency level 5.

Table 5: The proficiency levels of assessment and
evaluation activities in the eighth-grade science textbook

Proficiency Levels N %

1 145 62.23
2 42 18.02
3 26 11.15
4 15 6.43
5 5 2.14
6 0 0
Total 233 100

It was found that the proficiency levels of the activities differed according to the unit
concerned. The table showing the levels of activities by units is given below:
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Table 6: PISA proficiency levels of science literacy of units in the eighth-grade science textbook

Book PISA Science Literacy Proficiency Levels
Name Units Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Total
S N % N % N % N % N % N % N %
[=]
5 Seasons 31 81.57 5 13.15 2 5.26 0 0 0 0 0 0 38 100
D and Climate
> -
g8 | DhAandGenetical 13 43.33 5 16.66 5 16.66 4 13.33 3 10 0 0 30 100
28
§ E Pressure 17 60.71 6 21.42 4 14.28 1 3.57 0 0 0 0 28 100
ﬁ ] Matter and Industry 24 8.53 11 26.82 3 7.31 3 7.31 0 0 0 0 41 100
g 5 Simple Machines 28 84.84 1 3.03 3 9.09 0 0 1 3.03 0 0 33 100
(O Energy
s Transformations
5 A . 13 44.82 8 27.58 5 17.24 3 10.34 0 0 0 0 29 100
k= nd Environmental
w Science
Electric Charges and 19 55.88 6 17.64 4 11.76 4 11.76 1 2.94 0 0 34 100
Electric Energy

In the textbook, 81.57% of questions included in the unit titled Seasons and Climate were determined to be level 1 questions, 13.15%
were determined to be level 2 questions, and 5.26% were level 3 questions . The unit DNA and Genetic Code included 43.33% level 1
questions, 16.66% level 2 questions, 16.66% level 3 questions, 13.33% level 4 questions, and 10% level 5 questions. The unit Pressure
included 60.71% level 1 questions, 21.42% level 2 questions, 14.28% level 3 questions, and 3.57% level 4 questions. The unit Matter and
Industry included 8.53% level 1 questions, 26.82% level 2 questions, 7.31% level 3 questions, and 7.31% level 4 questions. The unit Energy
Transformations and Environmental Science included 44.82% level 1 questions, 27.58% level 2 questions, 17.24% level 3 questions, and
10.34% level 4 questions. The unit Simple Machines included 84.84% level 1 questions, 3.03% level 2, 9.09% level 3, and 3.03% level 5
questions. Comparatively, the unit Electric Charges and Electric Energy included 55.88% level 1, 17.64% level 2, 11.76% level 3, 11.76%
level 4, and 2.94% level 5 questions.
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5. Discussion and Conclusion

This study aimed to examine the assessment and evaluation activities at the end of each
chapter and unit of an eighth-grade science course textbook according to the PISA science
literacy proficiency scale; the book was accepted by the Ministry of Education as the only
textbook to be used for five years starting from the 2018-2019 academic year. In
examining the questions in the book, most activities comprise level 1 and level 2 questions
that represent/correspond to low proficiency levels. The results of PISA 2018 indicate that
24.8% of Turkish students were at level 1, and that 32.8% of them were at level 2 (OECD,
2019). In addition, 80% of questions in the book were determined as being at proficiency
levels 1 and 2, so it is not surprising that the researchers encountered such a result.
Accordingly, the number of the assessment and evaluation activities, especially those
aiming at high-level thinking, should be increased in the textbooks. According to Savran
(2004), all of the questions in the PISA measure the success of individuals using critical-
thinking skills such as creative thinking, interpreting and evaluating the knowledge,
problem solving, analyzing, and drawing conclusions. However, the lack of inclusion of
adequate of questions representing all proficiency levels in the textbook can be
considered to be a deficiency.

Karamustafaoglu et al. (2016) reported that the activities and studies in science
textbooks were inadequate and had deficiencies concerning the evaluation of the learning
process. A doctoral dissertation examining the assessment and evaluation activities in
physics textbooks proposed by the MoNE, which accorded with PISA science literacy
proficiency levels (Tiirk, 2018), reported that the activities in the books were mostly at
levels 1, 2, 3, and 4. It is also stated that activities corresponding to levels 5 and 6 were
almost excluded. Aydogdu Iskenderoglu and Baki (2011) examined eighth-grade
mathematics textbooks according to PISA mathematics literacy proficiency levels, and
noted that the activities in the books were at levels 1, 2, 3 and 4. These results are
consistent with the PISA 2018 assessment results issued by the OECD (OECD, 2019).
According to the results, the majority of students who participated in the PISA
assessments from Turkey were at proficiency levels 1, 2, 3, and 4. Concerning the
examination of the results of the current study —in which the evaluation activities in the
eighth-grade science textbook are investigated —current end-of chapter and end-of-unit
assessment and evaluation activities in the textbook consist of questions that do not allow
students to go beyond certain situations by commenting on the directly given situations.
This does not comply with PISA’s point of view regarding transferring knowledge and
skills to real life situations. It is therefore recommended that the assessment and
evaluation activities in the textbooks are reviewed so that high-level skills can be
developed for the PISA science literacy proficiency scale. Excepting this current research,
no study exists in the literature in which secondary school science textbooks are
examined according to PISA science literacy proficiency criteria. In this context, it is
recommended that the levels of textbook science questions used in other secondary
school levels according to PISA science literacy proficiency criteria be investigated for
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future studies. It is expected that these studies will be useful to practitioners in the process
of writing new books in order to increase the PISA science literacy success level.
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