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Abstract 
Diagnostics have become one of the central tools for planning teaching which accommodates learners' 
needs. Changes occurring in the chemistry classroom caused by rising levels of student heterogeneity play a 
crucial role. Thus, diagnostic processes are seen to be part of the cure. For this reason, chemistry (student) 
teachers need to understand the possibilities and potential for diagnostics in their classrooms. The present 
study employs a definition of diagnostic competence by Jäger. He emphasizes three domains: conditional 
knowledge, technological knowledge and knowledge of change. To achieve such competences, student 
teachers need to start learning about it during their university training. Since there are only few and mainly 
quantitative instruments in this field, the present paper describes the development of an instrument and an 
evaluation pattern for analyzing student teachers` diagnostic competence in chemistry. The instrument is a 
qualitative approach. It is based upon a written essay and open-ended questions. The evaluation pattern will 
be in focus. Initial results from the present study will also be discussed. 
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Introduction 
When researching and discussing teachers` knowledge levels, the concepts of Pedagogical 
Content Knowledge (PCK), Content Knowledge (CK) and Pedagogical Knowledge (PK) are 
usually cited. The construct of Pedagogical Content Knowledge (PCK) is widely used in science 
education research. It was mentioned for the first time by Shulman (1986). PCK is specific 
professional knowledge, which is developed and expanded upon during teacher education and 
intensively reflected upon during work experience. Such knowledge includes both measuring 
beginning students' foreknowledge and explicitly understanding their individual characteristics as 
learners. This includes how to personally define and diagnose such factors among learners 
(Hashweh, 2005; Loughran, Berry & Mulhall, 2006; Shulman, 1987). Park and Oliver (2008) and 
Olszewski (2010) see student conceptions and misconceptions as an aspect of PCK. On the one 
hand, this knowledge helps to prognosticate student responses. On the other, it helps to diagnose 

such student conceptions. Learning conceptions and misconceptions are important elements in 
the planning and design of science teaching, in particular chemistry lessons (Barke, Hazaari & 
Yitbarek, 2009). In order to diagnose such concepts in scientific educational studies, a large 
number of diagnostic instruments have been developed over a long period of time (e.g. Barke, 
Hazaari & Yitbarek, 2009; Kahveci, 2013; Peterson, Treagust & Garnett, 1989; Taber, 2002). 

During the last few years, diagnostics have become increasingly popular in both general and 
science education research (Chandrasegaran, Treagust, & Mocerino, 2007; Klug, 2011; Vogt & 
Rogalla, 2009; Wagner, Göllner, Helmke, Trautwein, & Lüdtke, 2013). However, even by the 
early 1980s diagnosis and diagnostic skills had already been explicitly mentioned in the research 
literature (Coladarci, 1986; Gillespie, 1991; Shulman, 1986). There exists a very high correlation 
between diagnostics and a high level of teaching and learning effectiveness (Fischer et al., 2014). 

But diagnostics and diagnostic skills in science education are not only spoken about in the context 
of misconceptions. This is especially true for the ongoing discussion about diversity and inclusion 
in science classes. Diagnostics and diagnostic skills have been linked to concepts including: (i) 
handling heterogeneity (Grossenbacher, 2010), (ii) facilitating inclusion (Florian & Black-
Hawkins, 2011), (iii) developing teaching units (Vogt & Rogalla, 2009), (iv) focusing on the 
individual support of students (Barke, Hazari & Yitbarek, 2009), (v) diagnosing learning 
disabilities (Williams, 2013), (vi) measuring teacher competence (Loughran, Berry & Mulhall, 
2006) and (vii) creating linguistically sensitive science lessons (Markic, Broggy & Childs, 2012; 
Tolsdorf & Markic, 2016a). These different contexts of using the concept of diagnostics in school 
should show that diagnosis is a fundamental tool for all school subjects. But what do diagnostics 
mean for the school system overall and, consequently, for chemistry teacher training courses? 
Which knowledge about appropriate diagnosis in the classroom must chemistry teachers and 
teacher trainees possess in order to succeed? And how can we measure such diagnostic 
competence? 

State of the literature 

 The diagnosis and support of students is a good possibility to consider the heterogeneity of the 

class for chemistry teaching. 

 The focus of the teachers´ diagnostic competence was often the (in)correct judgement of the 

teachers´ assessment of students, but the research also describes different results. On the one 

hand, a good (but still improved) correlation is described. On the other hand, the standardized 

tests don´t correlate with the judgement. 

 The changes of the diagnostic knowledge in the teacher training program in chemistry hasn´t 

been evaluated. 

Contribution of this paper to the literature 

 The focus is on the investigation of the knowledge about the formative diagnosis and not on the 

final correct assessment. 

 The development of a questionnaire which helps to investigate the attitudes, beliefs and skills of 

student teachers in chemistry education regarding to diagnosis, heterogeneity and diversity.  

 In additional to the questionnaire and this development, the evaluation pattern is the second 

focus of this paper to evaluate the data of chemistry student teachers. 

https://doi.org/10.12973/ijpce/80707
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Theoretical Background 
The definition of diagnostics in the school context as given by Ingenkamp and Lissmann (2008) 
contains a broad, yet in-depth understanding of diagnosis that can be used in many areas. The 
authors state that “diagnosis includes all diagnostic activities which evaluate the conditions and 
the skill set of the individual or group learner, which can be observed during a planned teaching 
and learning processes” (Ingenkamp & Lissmann, 2008, p. 13, translated from German by the 
authors). In a school context two directions are normally mentioned: 1) the pedagogical-
psychological diagnostic and 2) the pedagogical-didactic diagnostic (Füchter, 2011). Of particular 
relevance for teaching a given subject is the pedagogical-didactic diagnostic. This area covers the 
diagnosis of learners' starting points, their specific learning processes and their student 
performance (Füchter, 2011). 

In general, diagnosis should be seen as a cyclical process. Heidemeier (2005) describes the 
diagnostic process as cyclical, since the implementation must be reevaluated at the end of each 
cycle. Many subsequent cycles of diagnostics can and should be performed, since new questions 
may arise during the process. Klug, Bruder, Kelava, Spiel, and Schmitz (2013) present a three-
step cyclic process in their model of the diagnostic process (see Figure 1). At the start, the 
diagnostician faces a problem or question which needs to be answered by the end of the process 
(Füchter, 2011). Thus, teachers should also define the aim of diagnosis at the beginning of their 
efforts. To fulfill this aim, special methods and instruments need to be selected (pre-actional 
phase). Following this comes the actional phase, in which data are collected. The post-actional 
phase represents the end of the first round, in which a promotional plan is developed and 
implemented. This three-step cyclical model helps teachers when planning and implementing 
diagnosis in their lessons.  

 

Figure 1. The diagnostic process by Klug et al. (2013) 

Furthermore, the aim of the diagnosis must be clear at the beginning of a pedagogic-didactic 
diagnostic. Basically there can be two possible main focuses for this kind of diagnostic test: final 
assessment of learning processes and lessons-related performance diagnosis (Schrader, 2013; see 
Figure 2). The first type of diagnostic is designed to measure students` learning success and to 
grade them at the end of a teaching unit. Marks are used to assign authorizations (certificates) 
and the results of such diagnosis can have long-term consequences for students (Brookhart, 
2011). The second focus involves the monitoring and optimizing of teaching and learning 
processes (Nitko & Brookhart, 2007).  

 

 
 
 
 

 
 

 

 

 

 

Figure 2. Structure of the pedagogical-didactic diagnosis (Tolsdorf & Markic, 2016a) 

This very brief overview of diagnosis in the school context has shown that teachers should have 
a broad and deep understanding of it. Thus, in order to successfully carry out proper diagnostics 
in school, for example, analyzing the linguistic skills of pupils in heterogeneous classes, the 
teacher must possess the relevant diagnostic skills and qualifications. This is far more than the 
knowledge about adequate methods and instruments which can be used to answer a certain 
question. 

Diagnostic competence is repeatedly discussed in the context of PCK (e.g. Tolsdorf & Markic, 
2016b). PCK includes knowledge about students' foreknowledge and an explicit understanding 
of students` individual characteristics, including how to define and diagnose such factors 
(Loughran et al., 2006).  Furthermore, four of the six categories from the differentiated hexagon 
model of PCK by Park and Oliver (2008) include aspects of pedagogical diagnosis. Krauss et al. 
(2004) defined diagnostic competence not just as one single competence, but rather as multiple 
facets of competencies. Consequently, diagnostic competence cannot merely be described as a 
sub-component of PCK. Schrader (2013) defines diagnostic competence and focuses on two 
main statements. First, diagnostic competence is the teacher's ability to successfully cope with the 
upcoming tasks. Second, Schrader (2013) focuses on the quality of the diagnosis, which tends to 
be the main focus when educators discuss this issue. This explains why diagnostic competence 
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has mainly been studied in view of teachers' ability to accurately judge learners or to achieve a 
“correct” diagnosis. This has been the case since the 1970s (Coladarci, 1986; Feinberg & Shapiro, 
2009; Klug, 2011; Perry, Hutchinson, & Thauberger, 2008). However, the terms “diagnostic 
competence” and “diagnostic skills” have long established themselves in the research literature 
(Krauss et al., 2004). In general, Jäger (2006) characterizes diagnostic competence with the help 
of six knowledge domains. The sixth knowledge domain (pychodiagnostic competence) is a 
global competence and does not play a role in the school context. The five important domains 
for teachers are: 

1. Conditional knowledge – knowledge about the given background of one person and the 
influences that affect this person's specific experiences or cause certain behaviors. In addition 
this includes knowledge of such effects and their possible manifestations in a given survey. 

2. Technological knowledge – the ability to select the most appropriate data collection 
techniques and to choose proper analysis methods for diagnostic questions.  

3. Knowledge of change – knowledge development which includes the application of strategies 
dealing with changing learners' experiences and/or the behavior of those involved in the 
interactions. 

4. Knowledge of the comparison – knowledge about the classification of behavior within a 
comparative group. 

5. Competence knowledge – possession of sufficient knowledge to be able to answer a specific 
question. If the teacher does not possess this, then he or she must either expand his 
knowledge or seek assistance from a more competent person. 

The first three dimensions are being the most important for teachers (Tolsdorf & Markic, 2016a).  

Jäger (2006) views the last competence as important only for psychologists; however, Füchter 
(2011) disagrees on this point. Füchter states that this knowledge domain is important for school 
life, because it protects teachers from being overtaxed in their abilities. For example, teachers 
should not perform diagnosis of dyslexia unless they have been specially trained for it. Instead 
they should seek help. This frees up teacher time and resources, while still providing expert aid 
and a final answer to the question.  

As already mentioned above, many studies have been limited in their understanding of teachers` 
diagnostic competence with respect to the teacher's accuracy of judgment. Often the correlation 
between a teacher's personal judgment and reality is analyzed using less distortion-prone test 
instruments (e.g. Demaray & Elliot, 1998; Feinberg & Shapiro, 2003; Hoge & Coladarci, 1989; 
Partenio & Taylor, 1985). It has already been shown that teachers can assess the ranking of 
student performance rather precisely, but that their individual judgment varies widely from what 
really happened. Bates and Nattelbeck (2001) were able to show that teachers tend to 
overestimate the reading performance of their students (especially struggling readers).  

Starting from the present we can see the importance of diagnostic competence for teaching in 
general and chemistry in particular. In order to achieve Jäger's (2006) knowledge domains of 
diagnostic competence as defined above, development of such competencies should be begun 
during university teacher training programs. Thus, the development of diagnostic competence 

should play one of the crucial roles in both overall teacher education and in subject-specific 
training efforts. To approve the influence of university seminars and lecturers on the 
development of student teachers` diagnostic competence in chemistry, it is important to find an 
instrument to evaluate their competencies. However, very few studies to date have examined the 
development of diagnostic competence during teacher training. Even less have specifically looked 
at chemistry teachers. That is why our project created university modules to develop student 
teachers` diagnostic competence in chemistry. The first aim of this project was to develop an 
evaluation instrument. In following discussion below, the development of the instrument and the 
evaluation patterns with their initial results will be presented.  

Instrument 
In order to answer the research question, a questionnaire was developed. The student teachers 
were asked for relevant information such as their age, sex, the number of semesters studied, etc. 
Furthermore, information about their migration and linguistic backgrounds and personal 
knowledge of foreign languages was collected. This was important, because such information aids 
in understanding the participants' views on the identification, perception and handling of the 
heterogeneity and diversity within the chemistry classroom (see e.g. Moore, 2007).  

Because theories of diagnostic competence in science education remain few and far between, the 
following research was based upon open-ended questions. Another reason for this exploratory 
study with the help open-ended questions is that students could express their attitudes, beliefs 
and opinions on the subject (this is not influenced by the “social desirability effect” (see Weisberg, 
2005)). Thus, the second part of the questionnaire began with the task “Write an essay about 
diagnosis in chemistry lessons.” The idea to start with an essay was not introduced to influence 
the participants on this issue in any way. Instead it was aimed at collecting a time-dependent 
snapshot of learners' first-hand knowledge and beliefs about this topic. By using such an open-
ended, broad questioning method, students could be asked to give information on aspects that 
are not described in the literature. 

To ensure that the pertinent research questions were answered, a third part of a questionnaire 
was added. This part contains four specific, open-ended questions which are based on the first 
three knowledge domains by Jäger. Thus, the focus remains on the three main aspects of 
diagnostic competence which are essential for chemistry teachers (see Tolsdorf & Markic, 2016a). 
The four research questions are phrased as follows:  

1. Describe how the heterogeneity of a learning group can affect education.  
2. Describe what methods you would use for diagnosis (e.g. the language level of the child). 
3. Describe what strategies you would use in the classroom to deal with heterogeneity. 
4. Describe how (or if) you would include heterogeneity in your lesson planning. 

According to Jäger (2006) teachers need knowledge of possible factors which influence chemistry 
teaching (compare to the first question in the third part of the questionnaire). The main factor in 
question is the learning conditions faced by pupils. These are included in the terms heterogeneity 
and diversity. This question is limited to heterogeneity, because all student teachers understand 
this. Furthermore, both terms are used as synonyms in everyday life.  
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The second open-ended question relates to technological knowledge as defined by Jäger (2006). 
Thus, student teachers should know about diagnostic methods, diagnostic instruments and 
analytical methods. They should be able to describe the use of these methods for chemistry 
teaching and learning.  

The last important domain is the knowledge of change. According to Jäger (2006), this knowledge 
domain consists of two parts. First, the students must possess knowledge of strategies for dealing 
with heterogeneity. Information about this aspect is requested in the third question in the 
questionnaire (see above). Moreover, student teachers need to understand changes in knowledge 
occurring in the classroom in order to use relevant strategies to teach and plan lessons. This is 
covered by the last question in the questionnaire.  

Context of the study and Sample 
To answer the research questions, data were collected from participants at different stages of 
their university teacher training program. The focus was on two teaching modules aiming at the 
development of diagnostic competence of university students: (i) Module Chemistry Education 
2 (ChemEd 2) and (ii) Module Chemistry Education 4 (ChemEd 4) (see figure 3). The foci of the 
modules are based in three steps: (i) sensitization of chemistry student teachers for heterogeneity 
and diversity, (ii) diagnostic of students’ individual requirements and need and (iii) dealing with 
heterogeneity and diversity in chemistry classes.  

Bachelor students visit Module Chemistry Education 2 and attend their second official course in 
the didactics of chemistry. Before this time, they have not had any seminars explicitly dealing 
with diagnosis. They also have no previous school internship experience. The Chemistry 
Education 2 module consists of two seminars which cover 1) planning and diagnosing and 2) 
various methods in chemistry teaching. After this module, teacher trainees have an in-school 
internship which includes twelve teaching hours. Module Chemistry Education 4 is a part of their 
Master's degree. Student teachers attend a seminar about students` preconceptions, then attend 
a second internship lasting four months with fifteen hours a week of teaching. The purpose of 
this pilot study was a development of the instrument and an evaluation pattern. Thus, Figure 3 
presents the time points of data collection: (i) before ChemEd 2 and (ii) after ChemEd 2, but 
before ChemEd4. Both modules start at the same time. The modules ChemEd2 and ChemEd4 
are described more in detail by Authors (2016b). 

                                                                          

 

Figure 3. Time points of data collection (BT= Bachelor's thesis, MT= Master's thesis) 

 

The second group of student teachers (orange star) had already completed ChemEd 2 and had 
just begun ChemEd 4. A total of twenty-eight student teachers completed the questionnaire. This 
group consisted of seven males and twenty-one females. Biology and mathematics were also the 
most common second-subject combinations with chemistry in this group. The student teachers 
were all older than twenty-one, but eighteen of them were still under 25 years old. Two student 
teachers had a Russian migration background.  

The development of the evaluation pattern 
Quality concerns play a central role in all stages of qualitative studies, beginning with the verbal 
expression of research questions, extending into data collection, and ending with the analysis and 
interpretation of research findings. For the present study the quality criteria for qualitative 
research were tested with the help of concepts developed by Mayring (2014) and Kippendorff 
(1980). First of all the “documentation of methods” approach was strictly adhered to. All work 
steps and decisions made during the collection, transcription and analysis were recorded, so that 
the research process remained understandable. In this paper only the most important steps will 
be described. The first step behind the development of a questionnaire was the development of 
an evaluation pattern following qualitative content analysis by Mayring (2014) using the 
evaluation program, MAXQDA. Taking Jäger's four knowledge domains of diagnostic 
competence as a lead, the categories and sub-categories could be developed inductively from the 
data. A coding unit was defined as one train of thoughts.  After 50% of the questionnaires were 
coded, the developed evaluation pattern was revised with the help of additional people, so that 
the categories were clear and the level of the abstraction of the categories matched the research 
questions. The revised evaluation pattern allowed a new coding of all the data to be performed. 
After the data were coded, the evaluation pattern was checked for completeness. Each of the 
coding units could then be assigned to a code from this developed evaluation pattern. The 
individual codes were discussed and defined by small groups of researchers. An example case 
illustrates the coding technique and serves to help people inexperienced in such data analysis 
methods with their work. Therefore, the data could be analyzed with the help of other people 
using the developed evaluation pattern. 

The development of this study was data-oriented, product-oriented and process-oriented. 
Semantic and sampling validity was reached by appropriate definition of categories and sub-
categories. We started with the data and tested them with the aid of two experts. Furthermore, 
we could communicatively validate the results because we discussed each step of the development 
of the evaluation pattern with experts. We were also able to reach correlative validity 
(triangulation) for the present study thanks to the interviews with the student teachers.  This part 
of the study is presented in Tolsdorf and Markic (in preparation).  

Finally, two independent researchers performed the data analysis. The codes were compared in 
order to reach an inter-coder agreement as defined by Swanborn (1996). Our value turned out to 
be 87%, which is very good. The two coders dealt with rare instances of disagreement. Thus, 
stability and reproducibility could also be upheld. The created categories gave a good 
representation of the data, since the inter-subjective agreement for a qualitative research is high. 
These categories are described in more detail in the evaluation pattern section below.  
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The evaluation pattern 
We developed an evaluation pattern inductively from the data. First, four domains were identified 
and defined for diagnostic competence following Jäger's (2006) ideas: (i) competence knowledge, 
(ii) conditional knowledge, (iii) technological knowledge and (iv) knowledge of change. Then 
step-by-step formulation of the inductive categories for the collected data was performed. These 
categories explain the domains in a more detailed fashion. Finally, sub-categories for each 
category were created from the data. Only the sub-categories which were mentioned by the 
majority of the student teachers were chosen as relevant for the present project. An example 
from the data was selected for each sub-category. These examples for the developed categories 
and definitions in the domain of “competence knowledge” are presented in Table 1. In this case, 
no sub-categories were found. Competence knowledge can be seen here as awareness of, attitudes 
towards, and beliefs about diagnostics at school. This includes the teacher's ability to improve his 
or her knowledge and seek support from experts.   

Table 1. Definition of the categories of competence knowledge, explained an example (translated 

from German by the authors). 
Category Definition Anchor Sample Statement 

Insecurity in 
knowledge 
about diagnosis   

Student teacher comments on the need of 
diagnosis in school, but he/she does not feel 
able to perform it. 

“I wish to have one tool for diagnosis which I 
can use easily in my lesson. I don’t know any 
another way to discover the problems.”  

Sensitivity for 
diagnostics 

Student teacher expresses the need for 
diagnostics in chemistry lessons, gives 
reason(s) for the need but does not name any 
examples.  

“If you can diagnose your students' needs and 
problems (which is sometimes really difficult) 
you can use the results for planning your 
chemistry lessons.”  

Reasons for 
diagnostics 

Student teacher names single reasons for the 
process of diagnostics in chemistry lessons, 
but he/she does not describe a diagnostic 
process as such.   

“The results of the diagnosis can give you a 
hint where to start to help the student.” 

Awareness of a 
diagnostic as a 
process 

Student teacher describes both a diagnostic 
process and its meaning. He/she mentions 
the purpose of the diagnostic. 

“During the lesson the diagnostic has to take 
place. You need to check your lessons regularly. 
By doing so, you can change your lesson 
module to suit student needs.” 

A wish for more 
skill/ 
knowledge 

Student teacher mentions the need for more 
skills or competencies for diagnosing in 
chemistry classes.  

“Heterogeneity changes chemistry lessons. More 
qualified teachers are needed …. including 
myself.”  

Attitude 
towards 
heterogeneity 

Student teacher expresses his/her feelings 
towards heterogeneity in chemistry classes. 
These can be positive, negative or mixed. The 
attitude towards heterogeneity can be 
established on the basis of consequences, 
which are formulated in connection with the 
conditional knowledge.  

“If students cannot work properly, because 
some people are faster and some slower, they get 
frustrated. However, the differences can also be 
seen as an advantage. Students can also help 
each other.” 

Importance of 
diagnosis 

Student teacher specifically expresses the 
importance of diagnostics or the diagnosis 
process for chemistry teaching.   

“Diagnostic is one of the main points in being 
a teacher. It is a very important topic for 
teachers.”  

The second domain is conditional knowledge. This describes factors that cause students to have 
different experiences and which influences their behavior in chemistry classes. This domain 
therefore includes the relevant knowledge factors affecting pedagogical conditions. Three main 
factors of influence are given inductively by the data. The three categories and their explanations 
are as follows: 

i. “Individual influences of or by pupils” means the specific characteristics of individual students, 
which can affect teaching and the learner's behavior in the chemistry classroom. In this 
context, student teachers mention different dimensions of the diversity wheel (Diversity 
Leadership Council of the John Hopkins University) which can influence chemistry teaching 
and learning. Single dimensions are named according to their influence, but are not explained 
in detail.  

ii. “Administrative and organizational influences” include external aspects which are imposed by 
the country or school system which affect teaching and learning. Student teachers name single 
factors that are not part of the lesson, but rather imposed upon them by either the 
administration and/of political system. Single reasons are named, but their influence is not 
explained in detail. 

iii. “Influence by the lesson and its planning” describes the factors which affect students' learning 
and their motivation. They are caused by the lesson itself and the overall planning of the lesson. 
Student teachers name specific factors from a lesson which can influence student behavior.  

Based on the named categories and on the data, sub-categories were developed for this domain. 
The categories and sub-categories for conditional knowledge are presented in Table 2.   

Table 2. Sub-Categories for conditional knowledge, including examples (translated from German by 

the authors). 

Sub-Category Anchor Sample Statement 

Individual influences of 
students 

 

Linguistic heterogeneity “Linguistic heterogeneity can cause problems in understanding.”  

Migration/Immigration “Migration backgrounds can influence learning behavior.” 

Learning difficulties “Children with special needs (dyslexia or emotional and behavioral 
disorders) can complicate the understanding of materials or statements in the 
classroom, respectively. This can make learning difficult or impossible.” 

Educational biographic/socio-
economic background 

“Topics are regarded through the lens of different social, linguistic and 
particularly educational biographical backgrounds.“ 

Cultural diversity “Each student brings their own culture and their own beliefs and traditions 
to the class. This should be considered in the planning of a lesson.” 

 Heterogeneity of learning 
effort/content knowledge 

“Heterogeneity in the level of learning effort can lead to the demotivation of 
students for whom the teaching tempo is to slow or fast. They are either 
overwhelmed or bored by the pace.” 

Physical disability “Physical disability might need to be considered in the lessons (for example 
during experiments).” 

Motivation “The aspect of general learning behavior, including interest in the subject, 
matter or object of interest, needs to be diagnosed.” 
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Table 2. (Continued.) 

Administrative  and organizational influences 

Lack of (effective) lesson time “Difficulty for teachers arises because they often teach a subject two hours 
per week, which are widely scattered temporally.” 

Number of students in the 
classroom 

“Classes should not be that overcrowded, if accurate diagnosis is to occur.” 

Influence by the lesson and its planning 

Social behavior “Strife between students can occur and disrupt learning.”  

suboptimal support “The “clever (students)” are under-challenged; the “non-clever (students)” 
overwhelmed. It is not easy to find the golden mean.” 

Changes of the lesson plan “The teaching did not follow the advance lesson plan. Heterogeneity has a 
big influence on the lesson in my opinion.” 

multiple and different ideas “There are many different opinions in one topic which are caused by 
heterogeneity. This is good. The discussion on the topic is more intense.”  

The third domain is called technological knowledge. This knowledge is needed for the 

preparation and the implementation of diagnostics (the pre-actional and actional phases). For this 

purpose, this domain describes knowledge about data collection possibilities and the analysis of 

data. However, student teachers only mentioned different instrument for data collection, not 

methods of analysis. Therefore, we only coded for the category “Methods of data collection”. All 

of the different methods mentioned were listed in sub-categories. These sub-categories are 

presented in Table 3 with examples.  

Table 3. Sub-Categories of evaluation methods from technological knowledge (translated from 

German by the authors). 

Sub-category Anchor Sample Statement 

Games “Crosswords getting information from the game.” 

Intuitive action “I guess I probably did it rather intuitively.” 

Observing “Observing the lesson exactly and, if possible, making statistics.” 
“Observation is an ideal possibility to get more information about your own lesson.” 

Communicating with 
and between students 

“Communication with your own students” 
“Observing the communication between students” 

Presenting “Reporting on and repeating the learning topic by presenting, reporting in front of the 
class, seminar papers, … (dealing with scientific language)” 

Reflecting “Self-reflection or reflection in an interview” 

Writing  (any kind of 
worksheets) 

“Students must write a text, for example protocols in chemistry education” 

Testing “Quizzes” 
“Look for language difficulties in written exams.” 
“Class test.” 

 

The last domain is the knowledge of change. It describes the methods and ideas for assessing 
changes in the chemistry classroom while dealing with heterogeneity of students. Four categories 
with were developed from the data: 

i. “Changes during the planning of the lesson” describes the possibilities or aspects which 
can be considered while planning your own chemistry lesson.  

ii. “Changes of teacher behavior” contains all methods that could change teacher’s actions.  

iii. “Changes of the teaching materials” names different possibilities for the adaptation of 
teaching and learning materials to students` needs.  

“Changes of the framework” does not relate to teacher activity, but rather to administrative 
changes. These sub-categories are shown in Table 4 with examples. 

Table 4. Sub-categories from the knowledge of change (translated from German by the authors). 

Sub-category Definition Anchor Sample Statement 

Changes during the planning of the lesson 

Choosing topics 
and aims for 
students` need 

Student teacher describes teaching as 
based on the respective students. 
Therefore it must include the opinions, 
interests and motivations of the 
students. 

“If you know about your students, then you 
can try to take topics that have relevance for 
the most pupils; or you can offer to choose 
more themes/topics.”  

Planning of 
effective learning 
time 

Student teacher mentions effective 
teaching time, which should be 
reconsidered after the diagnosis (data 
collection). It is stated that students 
learn differently and need different 
amounts of time.  

“For slower students, regularly incorporate 
repetitions in your planning, since they need 
more time for learning. In the same class, 
prepare reserves and few more topics for 
faster students. If you don't know how fast 
the class is, plan different exits out of the 
lesson.”  

Teaching 
methods 

Student teacher names different 
teaching and learning methods and 
social forms of teaching.  

“Use of cooperative methods.” 

Forming groups Student teacher describes different 
group structures in the class, so that 
the pupils can learn in the best possible 
way. 

“Form learning groups that are mixes of 
faster and slower learners. High and low 
achievers should be in the same group.  

Differentiation Student teacher lists various methods 
for differentiation in chemistry 
teaching (for example differentiation, 
individualized lessons). 

“Designing individual learning plans.” 
“Apply internal differentiation for reaching 
all of the students.” 

Different ways of 
learning 

Student teacher considers the different 
learning styles of the students in the 
lesson plan.  

“This means that different types of learning 
to be included in the planning of the lesson.” 
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Table 4. (Continued) 
Changes of teacher behavior 

Teacher language Student teacher mentions that 
the teacher should modify their 
own language (written and 
spoken) when explaining or in 
writing on the blackboard and 
modify their language in 
worksheets. 

“The teacher must use understandable 
language so all of the students understand 
the explanations.”  

Help from colleagues Student teacher describes 
teachers seeking more support 
from colleagues or other people 
in school (social workers). 

“Likewise, it is important to have your 
teaching examined by other 
colleagues/people.” 

Changes of the teaching materials 

Help for learning a 
content 

Student teacher lists teaching and 
learning aids (for example, help 
cards). 

“Exercises with different levels of challenge 
and various ways to the object of study are 
offered to a heterogeneous class.” 

Help for linguistic skills Student teacher mentions 
linguistic aids as teaching support 
related to language. 

“Assistance at the linguistic level.” 

Design of materials Student teachers describe the 
development of teaching and 
learning materials according to 
the needs of the students.  

“The design of materials must be adapted 
to the needs of the students.” 

Design of experiments Student teacher describes 
adapting experimental 
instructions to the needs of the 
students.  

“Differentiated designed experiments, for 
example, those supported by pictures.” 

Additional materials Student teacher mentions that 
teacher should create additional 
materials that are not designed 
for the normal lesson.  

“More materials for fast pupils.” 

Changes of the teaching Framework 
Considering needs of 
disabled students 

Student teachers states that the 
school, classroom or laboratory 
needs to be barrier-free, so that 
all students (e.g. students in a 
wheelchair) can follow and 
experience the chemistry lesson. 

“The concept of teaching must be adapted 
to physically handicapped students, e.g. less 
movement during the lesson or thinking 
about the amount of experiments.” 

Parents Student teacher says that parents 
should be involved in the 
diagnostic process as an adviser 
and helper. 

“For example, discussion with parents.” 

 

Results 

The results of the study are presented below. However, the focus remains only on the 

development of the questionnaire and the evaluation pattern. 

For competence knowledge we can identify differences between the two groups and the time 

points of data collection. Almost half of the student teachers had more negative attitudes toward 

heterogeneity in chemistry classes before they attended any of the learning modules. The group 

pointed out especially the organization and the conduction of the laboratory sessions. They 

assume that - depending on students` heterogeneity and the experiments – laboratory work could 

be very difficult and sometimes impossible. They viewed it as a problem that needed to be dealt 

with. However, the second group didn’t mention this issue at all. With respect to awareness of 

the diagnostic process in chemistry classes, the student teachers in the very first group mentioned 

the need for diagnosis much more often than the more advanced student teachers. It seems that 

increasing levels of competence knowledge affect a change in teacher attitudes toward 

heterogeneity and diversity. Delving deeper into the data, we can see which aspects of 

heterogeneity and diversity are mentioned by the student teachers most often. Both groups in 

this study mentioned students` linguistic skills and differences in students` content knowledge 

and their misconceptions as important influences on heterogeneity in the classroom. These are 

both important conditions for learning chemistry. Other dimensions of the diversity wheel 

appeared to be unimportant to student teachers in the beginning phases, but become more 

important after they took part in their first internship. The student teachers in the second group 

mentioned these dimensions as well. Interestingly, student teachers thought that “no appropriate 

support of students” was a reason for diversity in chemistry lessons after their first practical 

phase. 

We can see that the highest levels of coding were in the sub-categories for technological 

knowledge, but the focus remained in only two or three sub-categories for all of the student 

teachers. All of the student teachers in this study focused primarily on written data collection. 

Written means any kind of worksheets with different topics or even experiments. One student 

teacher wrote (translated from Germany by authors): “Protocols/Lab reports of students can be 

collected to diagnose language” or “Speech balloons (or thought bubbles) about reactions (or 

reaction arrow) can help to diagnose learners”. The first group of student teachers mostly 

mentioned that tests as a diagnostic strategy seemed unimportant to them. This group focused 

more on classroom observation and interviews with or between students. The second group, 

however, mentioned that tests are an important strategy for diagnosis. In contrast, observation 

seems to be viewed as a relatively unimportant tool for diagnosing students during the course of 

the study by the members of this group. At the beginning of ChemEd 4, interviews showed lower 

coding levels than in the other time period. These student teachers mentioned games or play as 

a tool for diagnosing students in the chemistry classroom after their internship.  
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The knowledge of change was the most prominent aspect in both groups of student teachers. 

The predominate strategy in all of the groups was differentiation; however, this seemed to 

markedly increase by the end of the first internship. Furthermore, data showed that student 

teachers saw effective teaching and learning time as factors that need to be taken more seriously 

into consideration. The same can be said for the importance of matching worksheets to learners` 

needs and about diversity within the class itself. Another aspect in this knowledge domain was 

that experiments, the layout of experiments and linguistic help cards were more important tool 

during practical study. Help cards for learning content or subject knowledge were, however, 

important for both groups. Student teachers only tended see talking with colleagues as a way to 

make a change in the chemistry teaching after they had completed their practical phases in 

schools.  

Discussion and Conclusion 
Chemistry student teachers in this study appeared to be sensitive to heterogeneity in the 

classroom and its influence on the learning atmosphere during lessons. On the one hand, they 

realized that heterogeneity can negatively influence the classroom atmosphere and cause 

disruptions. On the other hand, the same heterogeneity can aid in developing learners' social skills 

and in contributing to a better understanding of different cultures. It is good to see that such 

negative beliefs seem to change with experience. By second evaluation less student teachers 

defined heterogeneity or diversity as a problem and challenge. Generally, we observed that all 

chemistry trainees were sensitized to heterogeneity. We could also see that student teachers 

mentioned student’s linguistic skills and content knowledge as main influences on heterogeneity 

in chemistry class. Other aspects on the diversity wheel also achieved increased relevance for the 

students during the course of their studies. Student teachers are focused mainly on written data 

collection at all stages of their teacher training program. Quizzes seemed to be important as well 

and take on added importance for older students. Conversely, observation appeared to take on 

later importance. The knowledge of change was the most pronounced aspect researched here. 

One reason for the higher levels of   coding was the university seminar, because the modules very 

often focus on changes and developments in teaching, lesson plans and learner support. 

The here presented instrument and the developed evaluation pattern seems to give a good 

overview over chemistry student teachers` diagnostic competence. It has been use in a meaning 

of cross-level and longitudinal study as well (Tolsdorf & Markic, 2017 and in preparation). The 

evaluation pattern was developed to mirror the data with the help of the inductive method. Thus, 

attitudes and skills, which are not fully detailed or described in the literature, could be collected 

from the participants. But open-ended questionnaires can also make student teachers view certain 

aspects (codings) of the topic as irrelevant to the question. This means that the participants may 

not mention something, even if they have knowledge about it. Jäger (2006) describes 

technological knowledge as the knowledge to select the most appropriate analysis methods for a 

data collection. The student teachers in the present study wrote nothing about analysis methods. 

Therefore, this knowledge domain could not be encoded in the evaluation pattern. From this 

starting point, future research might be well advised to explicitly ask about this point or to 

evaluating the university seminars in order to identify if this topic is present there or not.   

Another critical issue is the knowledge of change, because this dimension by Jäger (2006) was 

included in two questions in the questionnaire. This dimension includes two aspects of 

educational action in the chemistry classroom. First, student teachers need knowledge about 

different teaching strategies. Secondly, they require knowledge about the use of strategies on the 

meta-level, so that they can reflect upon their own teaching actions. There were good reasons 

why this knowledge was divided into two separate questions. But the evaluation and 

interpretation of the data may have been influenced by this separation. This might explain the 

high coding levels for the knowledge of change in all the groups. One other explanation for the 

higher coding levels is probably seminar content. Many opportunities are discussed in each 

chemistry education module for how to plan and change lessons. The seminars and individual 

modules specifically focus on planning and changing chemistry teaching. This also explains a 

difference between the both groups in the knowledge of change. The students responded very 

differently to the two questions. Participants in the first group seldom saw a difference between 

these two questions and answered them in a similar manner. But the second round of data 

collection showed that the students highlighted different aspects of this dimension and were able 

to distinguish between the two questions. For these reasons, the two questions should remain 

separated in the questionnaire.  

Another critical issue in the evaluation and interpretation of the data was that the “knowledge of 

comparison” was not evaluated for the group of chemistry student teachers in this study. 

Indications of this area were found in very few student answers in the first open-ended question. 

This confirms the assumption by Füchter that this knowledge domain is unimportant for 

teachers. Füchter (2011) (see also Tolsdorf & Markic, 2016a) says the three diagnostic knowledge 

domains (Conditional Knowledge, Technological Knowledge, Knowledge of Change) are 

particularly important for pedagogical-didactic diagnostic. Any differences between the 

dimensions by Jäger (2006) and these results (or Füchter, 2011) are due to the field of research 

from the researchers. Pedagogical-didactic diagnostic differs from educational-psychological 

diagnosis. This leads to a change in the level of importance of the knowledge domains for the 

diagnostician.  

Finally, we can say that this instrument isn't perfect in the sense of a general definition of 

diagnostics by Jäger, yet many aspects could be collected from the student teachers. This was 

especially true for the focus on the pedagogical-didactic diagnostic. Further studies with and 

extensions of the instrument are needed. However, for the purpose of the current study and in 

view on the research questions, we can say that the instrument and the developed evaluation 

pattern are satisfactory. The development and differences in the diagnostic competence of 
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chemistry student teachers could be examined by this pilot cross-level case study. Through this 

development of an instrument, gaps and problems in diagnostic competence were discovered in 

the teaching modules. This means that the modules need to be developed further. Overall, this 

questionnaire proves to be a good tool, because it complies with the quality-control criteria for 

good qualitative research (Mayring, 2014) and delivers good inter-rater value. At last it has to be 

said, that the instrument does not give a picture about student teachers` behavior and dealing in 

the real situation. Some more studies in this direction are needed in the future.  
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