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Abstract  Textbooks are crucial tools for implementing new curricula. Consequently, not only teachers’ 
performance but also good textbooks have to meet certain standards to improve the quality of competence-oriented 
tuition. However, there are no empirical studies investigating how competence-oriented textbooks may be 
conceptualized or assessed. This is a major problem as many countries already implemented competence-oriented 
tuition or plan to do so soon. To reduce this research gap, this study investigates the following research question: 
Which standards should science textbooks meet in order to support competence-oriented teaching and learning in 
primary and secondary schools? A mixed-methods design was chosen to answer this question. First, a qualitative 
survey was used to formulate preliminary standards for competence-oriented textbooks. The participants of this 
inquiry were experienced teachers, textbook authors, publishers, science educationalists or educational scientists 
from three German speaking countries. These preliminary standards were validated and served to generate items for 
the quantitative questionnaire. In this survey, the preliminary standards were weighted according to their importance. 
In total, 178 primary school teachers (grades 4 to 6), 171 secondary school teachers (grades 7 to 9), and 44 science 
educationalists from the German speaking part of Switzerland took part. If the relevance of a standard was 
ambiguous, the standard was also rated qualitatively. These empirically weighted standards were used together with 
standards individually to be weighted to generate a checklist for Competence-Oriented TEXtbooks (COTEX). In 
this paper, the English version of the checklist is presented. The checklist is available online under 
www.schulbuchforschung.ch. COTEX can be used to conceptualize or assess competence-oriented textbooks. 
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1. Introduction 

1.1. Competence-Orientation 
The most general characterization of competence-

orientated education is that it is an education based on 
competencies. Competencies as according to Weinert are 
defined as “the cognitive abilities and skills possessed by 
or able to be learned by individuals that enable them to 
solve particular problems as well as the motivational, 
volitional and social readiness and capacity to use the 
solutions successfully and responsibly in variable 
situations” [[1], p. 27, [translation by K. B.]]. Many countries 
all over the world have competence-oriented curricula or 
are on the way to introduce them. Examples are Canada 
[2], Germany [3], Switzerland [4], or Vietnam [5].  

1.2. Textbooks 
Textbooks are defined as didactically prepared 

workbooks for students to work individually and to 
develop a deeper understanding. In addition, a textbook 
supports teachers for instruction [[6], p. 486]. Wiater, a 
textbook researcher, defines textbooks as plain printed 
media [[7], p. 43]. In contrast, there are also definitions of 
textbooks incorporating learning programs [[8], p. 8]. In 
summary, there is a certain disagreement whether a 

textbook is only in print or whether electronic didactically 
prepared media are also considered as textbooks. In 
accordance with this ambiguity, Depaepe and Gorp [[9], 
p. 10] question if there exist consistent textbook features 
and consequently if there exists one uniform definition for 
textbooks.  

Moreover, the demarcation of the term textbook to 
other terms such as teaching materials, teaching aids, 
educational materials, and tools for teaching is vague [10]. 

Consequently, in this article only the term textbook is 
used and is defined as follows: Textbooks are teaching 
materials incorporating student’s materials, teacher’s 
guides, additional teaching materials including films and 
experimental material. 

1.3. Checklists for Textbooks 
Textbook research is classified in three sections: the 

process related, the product related and the performance 
related research [11]. In the process related research, the 
production process, the approval and implementation of 
textbooks as well as the function and use for tuition are 
investigated. The product related research analyzes the 
quality of textbooks. Finally, the performance related 
research studies the impact of textbooks on teachers and 
students [[11], p. 5].  

Checklists to analyze and evaluate textbooks belong to 
the product related research. Checklists to conceptualize 
textbooks belong to the process related research.  
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The first checklists originated from the U.S. In the 
meantime, there are over hundred checklists such as the 
checklist by Astleitner, Sams and Thonhauser [12], 
Bamberger [13], Funk [14], Jander [15], Jazbek [16], Kast 
and Neuner [17], Kesidou and Roseman [18], Knütter [19], 
Miekley [20], Rauch and Tomaschewski [21], Sams and 
Thonhauser [22], Sitte and Wohlschlägl [23], Uhe [24], 
Weinbrenner [25] and Winkler [26]. In addition, the first 
checklists for digital media have been published such as 
the one from Graeber [27]. Most checklists are reduced to 
a few aspects, some contain up to 480 items [28]. 

Only a few checklists have been published for science 
textbooks. Examples include the checklist by Kahveci [29], 
Kesidou and Roseman [30], Lee [31], Metzger and Stuber 
[32], as well as Rauch and Tomaschewski [33]. 

Another desideratum is that most checklists are not 
research based. The aspects of the checklist are either a 
combination of aspects from existing checklists or 
normatively determined. The best known research based 
checklist in science is the Reutlinger checklist [33]. 
However, originating from the 1990’s, it is no longer up to 
date. 

In addition, most checklists only focused on one aspect 
of a textbook. The American checklist of Lee [31] focuses 
on nature of science. Kesidou und Roseman [30] 
composed criteria for “good” instruction in the sense of 
the project AAAS 2061. Kahveci [29] set up a checklist 
for Turkish chemistry textbooks focusing on the students’ 
perspective. 

1.4. Research Gap and Research Question 
An empirically generated checklist covering all aspects 

of a scientific textbook and considering current teaching 
methods, didactics and content is lacking at present. The 
absence of such basic research is serious as checklists are 
vital tools to analyze and write new textbooks [29]. As 
competence-oriented curricula are one of the most vastly 
distributed type of curricula at present, this research 
project aimed to empirically set up a checklist for 
competence-oriented textbooks. The research question is: 
Which standards should science textbooks meet in order to 
support competence-oriented teaching and learning in 
primary and secondary schools? 

2. Material and Methods 
To generate the empirical standards of the competence-

oriented checklist, a sequential mixed-method approach 
was used [[34], p. 254], comprised of a qualitative step 
followed by a quantitative one, to be described in the 
following sections. 

2.1. Sample of the Qualitative Survey 
Sixty nine persons were asked per email or telephone to 

partake in the qualitative survey. In the anonymous 
qualitative online survey, forty experts took part (response 
rate: 58%). Among the experts were experienced science 
teachers (N=17), employees of a publishing house (N=2), 
textbook authors (N=4), science educationalists (N=11) 
and educational scientists (N=6). The experts originate 
from Germany, Austria and Switzerland. 

2.2. Sample of the Quantitative Survey 
Participants in the anonymous quantitative online 

survey included 843 secondary school teachers from grade 
seven to nine, and 339 primary school teachers from grade 
four to six originating from 14 German speaking districts 
in Switzerland. In addition, all 56 German speaking 
science educationalists in Switzerland were asked to 
participate in the anonymous quantitative online survey.  

All persons having participated in the qualitative survey 
originating from Switzerland were asked to partake in the 
qualitative study, too. 

In total, 171 secondary school teachers (response rate: 
20%), 178 primary school teachers (response rate: 53%) 
and 44 science educationalists (response rate: 79%) took 
part. Most participants (29%) were between 30 and 40 
years old, 26% were younger than 30, 19% were between 
41 and 50 years old, and 25% were older than 51 years old. 
There were 56% women and 44 % men. 

2.3. Qualitative Survey 
A qualitative survey with open-ended questions was 

carried out. The nine questions asked about aspects to be 
considered in a competence-oriented textbook. By 
summarizing the answers of the survey by using 
qualitative content analysis [35], preliminary standards 
for competence-oriented textbooks were developed. To 
ensure reliability, the criteria suggested by Steinke [[36], 
p. 324ff.] were considered in the qualitative survey 
including intersubjective reproducibility, indication of the 
research process, empirical anchoring, and limitation. 

The standards were revised three times. First, the 
preliminary standards were compared with existing 
checklists for textbooks. Second, the content of the 
preliminary standards was matched with the results of 
current empirical studies. Third, the preliminary standards 
were complemented with the normative guidelines of the 
Swiss government concerning competence-oriented tuition 
in science. 

2.4. Quantitative Survey to Creating Weighted 
Standards 

The validated preliminary standards served to construct 
a quantitative survey. In this survey, participants weighted 
the relevance of the preliminary standards on a five-point 
Likert scale (1: I do not agree; 5: I fully agree). 

The scores of the Likert-scale were analyzed with a 
one-sample t-test in IBM Corp. SPSS Version 21. The t-
tests determined the relevance of the preliminary 
standards [[37], p. 67]. If both groups of teachers and/or 
the group of science educationalists weighted a 
preliminary standard significantly higher than the test 
score 4, it could be assumed that the relevance was higher 
than simply by random chance. Consequently, such a 
preliminary standard became a determined standard. If 
only primary school teachers weighted a preliminary 
standard significantly higher than the test score 4, it 
became a determined standard for primary school only 
and an underdetermined standard for secondary school. 
The same procedure was applied for standards only 
scoring significantly higher than 4 by secondary school 
teachers. If a preliminary standard scored higher than 4 
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without any significance, this preliminary standard 
became an underdetermined standard, too. 

The relevance of an underdetermined standard was 
analyzed by an additional validation step. In this 
qualitative validation, the content of an underdetermined 
standard was compared to results of approximately one 
hundred empirical studies in the field of didactics or 
pedagogy with the help of a standardized point system 
[[37], p. 68ff.]. According to the score reached, an 
underdetermined standard became a determined or a 
rejected standard. 

If both teacher groups as well as the science 
educationalists weighted a preliminary standard lower 
than the test score 4, it became directly a rejected 
standard. 

For the checklist for Competence-Oriented TEXtbooks 
(COTEX), only determined standards were considered 
and are called weighted standards. 

2.5. Aproach to Creating Standards 
Individually to be Weighted 

Besides the quantitative approach to gain weighted 
standards (see chapter 2.4.), there were some preliminary 
standards not undergoing the quantitative weighting 
process. The reason was that during the validation process 
(see chapter 2.3.) the relevance of these preliminary 

standards has been shown obvious. Such standards were 
for instance: “The content of the textbook is correct (text, 
images, graphs)”.  

The significance of another group of preliminary 
standards showed to be dependent on the school or class. 
Therefore, these standards were also not weighted in the 
quantitative survey. An example of such a standard is: 
“The media used in the textbook match the infrastructure 
of the school”. 

In the checklist, these standards are called standards 
individually to be weighted and can be weighted by the 
user of the checklist itself. 

3. Results 
The checklist for Competence-Oriented TEXtbooks 

(COTEX) contains empirically weighted standards and 
standards individually to be weighted (see chapter 2.). 

The weighted standards are grouped in the following 
categories: subject matter, skills, tasks, experiments, class 
heterogeneity, student materials, and teacher materials. 

The standards individually to be weighted are divided 
in two categories: fit to own institution, and everyday 
applicability. 

Table 1. Part of the empirically weighted section of COTEX 

Weighted Standards Empirical 
weighting 

Rating of the textbook Quotient =  
Rating/Emp. 
Weighting 

Standard 
not met    Standard 

met 
Category: Subject matter  1 2 3 4 5  
Content/concepts are taken up repeatedly (e.g. Lightning and thunder 
are taken up in the chapter acoustic and electricity). 3.8 � � � � �  

Thinking in concepts/key ideas is promoted (e.g. The concept of a 
substance: How does one substance differ from another? What are 
the characteristics of a substance?). 

4.1 � � � � �  

The level of abstraction is made visible (e.g. visible world or 
invisible model world). 3.3 � � � � �  

The checklist COTEX for primary school contains 77 
weighted standards and 25 standards individually to be 
weighted. COTEX for secondary school incorporates 74 
weighted standards and 25 standards individually to be 
weighted. 

COTEX can be used to conceptualize or assess 
competence-oriented textbooks. When assessing textbooks, 
it can be tested how far a science textbook represents the 
standards using a five-point Likert scale (Tab.1). 

In the section with the standards individually to be 
weighted, the user determines the relevance of the 
standards on a five-point Likert scale from 1=not relevant; 
5=highly relevant (Tab. 2). Apart from that the user rates 

the textbook similarly to the section with the empirically 
weighted standards. 

Using the checklist to assess textbooks, a quotient is 
calculated by dividing the rating of the textbook by the 
weighting. The quotient indicates the fit of the textbook 
with the standard for competence-oriented textbooks.  

Quotients above 1 indicate the standard to be more 
prominent than necessary. A quotient of 1 points out that 
the examined textbook has a perfect fit with the 
expectations of checklist COTEX. A quotient below 1 
indicates that the textbook is below the expectations made 
by the checklist. 

Table 2. Part of the individually to weight section of COTEX 
 

 

Individual weighting Rating of the textbook Quotient =  
Rating/Indiv. 

weighting Standards individually to be weighted Not 
relevant    Highly 

relevant 
Standard 
not met    Standard 

met 
Category: Fit to own institution 1 2 3 4 5 1 2 3 4 5  
The level of the textbook is adequate for 
my students. � � � � � � � � � �  

The textbook fits to the conditions of the 
school (e.g. class schedule, classes of 
mixed ages). 

� � � � � � � � � �  

The volume of the textbook is suitable to 
my class. � � � � � � � � � �  
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4. Discussion 
Comparing the empirical approach to setting up the 

checklist for Competence-Oriented TEXtbooks (COTEX) 
with other checklists [28,38,39], one noticeable feature of 
COTEX is the three validation steps. In the first validation 
step, the (empirical) studies ensured the theoretical 
relevance of the preliminary standards as the Bielefelder 
checklist did as well [28]. The second validation with 
about twenty existing checklists helped to formulate the 
preliminary standards more concisely and to summarize 
the standards. Finally, the third validation step ensured 
competence-orientation to be fully enclosed [4]. 

As done in other checklists [38], the inclusion of 
teachers could secure the often criticized lack of 
applicability of checklists [40]. Analogous to the checklist 
of Metzger and Stuber [32], there were both teachers and 
science educationalists involved. Inherent for COTEX is 
the representation of both teachers and science 
educationalists in the qualitative and quantitative survey. 

Maybe the most characteristic feature of the checklist 
COTEX is its division in two sectors with either 
empirically weighted standards or standards individually 
to be weighted. The significance of the weighted 
standards was determined quantitatively by over 350 
persons. If the relevance of a standard was uncertain, the 
so called underdetermined standard was additionally 
weighted qualitatively. The benefit of this procedure is 
twofold. First, the weighting allowed to reduce the 
number of standards empirically. Second, the checklist 
itself consists of weighted standards and consequently 
taking into account that the standards differ in their 
relevance. The standards individually to be weighted 
allow the users to carry out the weighting themselves in 
the categories: fit to own institution, and everyday 
applicability. This mix of both sections has several 
advantages. The weighted section ensures the objectivity 
of the rating process and enables the user to profit from 
the knowledge of over 350 persons. The section with 
standards individually to be weighted ensures the fit of a 
textbook to the individual situations in school by allowing 
the users to adjust the checklist to their particular situation 
in school and in class. No previously published checklist 
could be located that contain two such sections (e.g. 
[29,30,31,32]). In contrast, most checklists do not include 
any weighting (e.g. [28,41,42]). Some checklists allow the 
users to weight the standards themselves (e.g. [14,39]). An 
example of a checklist with weighted standards is the 
Reutlinger checklist [21]. In this checklist, the research 
team itself performed the weighting. Therefore, they could 
be blamed for a lack in objectivity. In addition, all 
standards were weighted and consequently not differentiating 
between the various qualities of standards. Last but not 
least, they left the user to decide whether to use the 
weighting or whether to weight for themselves [33]. An 
advantage of this option may be the possibility to adjust 
the checklist to the users own needs. A risk may be that 
the freedom of choice ends up in a complete acceptance or 
a complete ignorance of the weighting.  

Finally, the evaluation of the textbook rating is another 
specialty of COTEX. By forming the quotient between the 
textbook rating divided by the weighting of the standards, 
the interpretation of the result is quite simple (see 3. 

Results). For instance, a quotient of 1 signifies a perfect fit 
between the weighting and the expression in the textbook. 
Other checklists multiplied the textbook rating by the 
weighting of the textbook (e.g. [21,39]). Even though the 
calculation may be simpler, the drawback is the lack of a 
fast interpretation of the result as it is not visible in the 
product whether the textbook has expressed a standard 
high or whether the rating of the standard is high. More 
explicitly, given an exceptionally high expression of a 
standard with low relevance, the multiplication may be 
5*1=5. Given an exceptionally low expression of a 
standard of a highly relevant standard, the multiplication 
may be 1*5=5. Even though the textbook in the first 
example is good and in the second bad, the result does not 
show this. With the quotient: 5:1=5 and 1:5=0.2 the 
difference in quality is directly visible. 

5. Conclusions 
In summary, the Competence-Oriented checklist for 

TEXtbooks in science (COTEX) is an empirically 
generated checklist being used to analyze and assess the 
quality of textbooks. Consequently, COTEX may enhance 
the process of authorizing science textbooks. In addition, 
COTEX serves as a guide for authors to set up 
competence-oriented textbooks in science. Consequently, 
COTEX may improve the quality of competence-oriented 
textbooks.  

Even though the checklist COTEX is designed for 
science textbooks, the majority of standards are universal 
for all subjects. Future research is planned to adjust 
COTEX to other subjects. The adaptation is expected to be 
exceptionally easy for subjects such as earth sciences or 
history having similar structures in tuition. More extensive 
adjustments are anticipated to for languages.  

In the future, COTEX could be used as a research tool 
to comparing the quality of textbooks within a country and 
for a cross-country comparison. 

The checklist for Competence-Oriented TEXtbooks 
(COTEX) is available in English and German under: 
www.schulbuchforschung.ch. 
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