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Abstract
Despite the central role of Scientific Inquiry within science education, this topic is rarely focused upon 
during science lessons in Germany. A comparison with a school system that emphasises Scientific 
Inquiry in a stronger way (such as the Swedish system) would enable the identification of culture-
specific teaching patterns in terms of the instruction of Scientific Inquiry. For this reason, such a com-
parison has been made within this study. 
This study has been undertaken as a low- and middle-inferent video analysis. The study provides in-
formation concerning culture-specific teaching patterns in Germany and Sweden on the level of gen-
eral (organisational) teaching processes and of the phases of Scientific Inquiry. The study was carried 
out with ten German und nine Swedish video-recorded chemistry lessons. The results, presented in 
this paper, show that German chemistry lessons are organised in a more product-oriented way than 
the Swedish chemistry lessons.
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Framework

Today one of the most important goals in sci-
ence education is to provide basic scientific 
understanding – Scientific Literacy – in terms 
of socially and politically relevant issues. This 
enables students to participate critically in 
the discussion of these issues (e.g. Sadler & 
Zeidler, 2009; Gräber & Nentwig, 2002; De-
Boer, 2000). The concept of Scientific Literacy 
not only focuses on the acquisition of techni-
cal skills, but also on abilities such as method-
ological, problem solving and evaluation skills. 
Within the ability of problem solving the cen-
tral dimension – Scientific Inquiry – plays an es-
sential role (Chen & Klahr, 2008; Mayer, 2007; 
Simon, Langley, & Bradshaw, 1981).   

Scientific Inquiry, which illustrates one kind of 
the Scientific Thinking (Mayer, 2007), consists 
of five major stages (e.g. Hofstein, 2004; NRC, 
2012):
 
1) Formulation of scientific questions
2) Formulation of hypotheses
3) Planning of investigations
4) Performing of investigations
5) Analysis of the survey data
 
A lot of different international studies investi-
gated and recommended the instruction of 
Scientific Inquiry (e.g. Anderson, 2002; Furtak, 
2006; Gyllenpalm, Wickman, & Holmgren, 
2010; Minner, Levy, & Century, 2010), but the 
question if and how Scientific Inquiry is really 
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implemented within science classroom situa-
tions has been considered infrequently. 

Up to now, culture-specific teaching patterns 
in science education were mostly investigated 
in large-scale studies such as the TIMSS Video 
Study (Stigler, Gonzales, Kawanaka, Knoll, & 
Serrano, 1999). The investigation of teaching 
patterns in terms of Scientific Inquiry occurred 
mostly within German physics education. So, 
Reyer (2004) was able to show that in the 8th 
and 9th grade in grammar school classes the 
process of Scientific Inquiry occupies less than 
10% of science lessons, although the five steps 
of this process have a central meaning in sci-
ence education (Hofstein, 2004; Höttecke, 
2001; NRC, 2012). Furthermore, experiments in 
physics lessons are not often integrated within 
Scientific Inquiry (Tesch & Duit, 2004). These 
results point to an increased need for research 
on Scientific Inquiry in other science subjects. 

In order to get an enhanced impression of how 
Scientific Inquiry is taught, investigations of 
teaching processes have to be initiated. To 
compare the organisation and the way of in-
struction of Scientific Inquiry, a comparison of a 
country with a stronger emphasis on Scientific 
Inquiry (for example within the curriculum) is 
necessary. Internationally, there are consider-
able differences in the integration of the con-
cept of Scientific Inquiry into different school 
systems (Strobl, 2008). There are European 
countries such as Sweden which integrated this 
concept much earlier into their curricula than 
Germany (Kungliga Skolöverstyrelsen [Royal 
National Board of Education], 1955; Skolverket 
[The Swedish National Agency for Education], 
2008; Skolverket, 2011). It can be assumed that 
this difference leads to the identification of dif-
ferent patterns of teaching and learning pro-
cesses within these countries in general (Seidel, 
2003) and in terms of Scientific Inquiry.

Purpose & Research Questions

The aim of the project is to analyse the organ-
isation of chemistry lessons in Germany and 
Sweden in general and in terms of the organisa-
tion of Scientific Inquiry in chemistry lessons. 

The following questions are addressed in the 
context of this project:
 
1. What are the general teaching processes in 
German and Swedish chemistry lessons?

2. How is the process of Scientific Inquiry in 
chemistry lessons in Germany and Sweden or-
ganised?

Design and Methods

To investigate the organisation of general teach-
ing processes and of the process of Scientific 
Inquiry in a holistic way, in the study informa-
tion concerning national teaching patterns of 
Germany and Sweden in chemistry have been 
collected. This descriptive and exploratory 
study has been designed as a low-and middle-
inferent (Gais & Möller, 2006) video analysis. It 
was done with a convenience sample of videos 
of German and Swedish chemistry lessons. 

Single chemistry lessons of both countries have 
been video-recorded, where one single lesson 
takes 45 minutes (in Germany) and 40-60 min-
utes (in Sweden). The study has been carried out 
with ten German 10th grade grammar school 
classes (aged 15/16) in North Rhine-Westphalia 
and nine Swedish 9th grade primary school 
classes (aged 15/16) in Växjö and Stockholm. 
While the German students leave their primary 
school after the 4th respectively 6th grade to 
secondary schools (grammar schools are the 
most academic), Swedish students stay in pri-
mary schools until they finish the 9th grade 
(Möhler, 2008).   

In order to answer the research questions, the 
video-recorded chemistry lessons were anal-
ysed on two levels: First, the analysis of the sur-
face structure depicts the general organisation 
of classroom teaching processes such as the 
general occurrence of teaching, the organisa-
tion of classroom interaction and instructional 
phases, as well as the teachers’ and students’ 
statements (Seidel, 2005). Second, the process 
of Scientific Inquiry within the lessons was ana-
lysed – on a level of deep structure (Table 1). 
The variables and categories of each coding 
manual were developed and tested in previous 
investigations (Seidel, Prenzel, Duit, & Lehrke, 
2003; Puhlmann & Tiemann, 2009; Björkman, 
Labetzki, & Tiemann, 2012).

In order to ensure that the lessons were ana-
lysed in an objective and reliable way, the 
inter-rater reliabilities were calculated by two 
coders. The German and Swedish videos were 
analysed with the programme Videograph® 
(time-sampling method based on 10-second in-
tervals) by one bilingual coder (Rimmele, 2008). 

This journal is © Sience Education Review Letters    2 
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The reliabilities were calculated in a previous 
study (Puhlmann & Tiemann, 2009) in which 
the bilingual coder was involved as well to ver-
ify the inter-rater reliabilities. 10 % of the videos 
were double-coded, which is sufficient for the 
calculation of inter-rater reliabilities (Blömecke, 
Eichler, & Müller, 2004). Table 1 shows that the 
instruments represent reliable video analysing 
tools, because of their satisfactory values (very 
good reliabilities: .75<κ <1.0; satisfactory reli-
abilities: .60<κ <.75) (Wirtz & Caspar, 2002).

To identify significant differences within the 
German and Swedish lessons and between 
each category, the relative frequencies first 
have been tested for normal distribution. The T-
test was used (Bortz & Döring, 2005), if normal 
distribution was given, if not, the Wilcoxon-test 
was used (Bortz, 2005).

Results

The results of this video study give first impres-
sions of how chemistry lessons are organised in 
Germany and Sweden. The videos were evalu-
ated with the above-mentioned coding manual 
(Table 1). In the following part, first the typical 
organisation of German and Swedish chemistry 
lessons in general (Table 2) will be described 
and second its organisation of the process of 
Scientific Inquiry. 

 

A typical German chemistry lesson can be 
characterised by a short initial (1,8 %) and rep-
etition phase (3,2 %) and a longer consolidation 
phase (6,0  %). The development phase (83,4 
%) represents the longest part of the lessons, 
in which new content is taught. It is mostly 
dominated by independent seatwork (41,4 %) 
and class discussion (32,2 %). Frontal teach-
ing social forms (class discussion (32,2 %) and 
teacher talk (18,6)) occur most of the time. In 
general, class discussion (35,8 %) represents a 
very dominant teaching method with the Ger-
man chemistry lessons. 

In contrast to Germany, the Swedish chemis-
try lessons are characterised by a short initial 
phase (0,5 %) but a longer period of repetition  
(9,2 %) and other activities (11,2 %) such as 
organisational instructions. The development 
phase (73,3 %) is mostly dominated by the in-
dependent seatwork (74,1 %) (initiated in group 
work (74,1 %)) and teacher talk (22,2 %). 

However, the calculations with the means of 
classical test theory did not reveal significant 
differences.

Finding descriptive differences within the gen-
eral organisational teaching processes in Ger-
many and Sweden, divergences within the 
deep structure on the level of Scientific Inquiry 
can be assumed as well. The results in Figure 
1 & 2 show the average duration of the phases 
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Table 1: Coding variables, categories und reliabilities of the coding manual - general organisation of the teaching process and 
Scientific Inquiry (Puhlmann & Tiemann, 2009); category “no” is not listed

 Variables Categories Reliability (κ) 
su

rf
ac

e 
st

ru
ct

ur
e 

phase of teaching • initial phase 
• repetition phase 
• development phase or new-content phase 
• consolidation phase 
• application phase 
• other activities 

.73 

teaching method • teacher talk 
• class discussion 
• independent seatwork 
• student presentation 

.81 

social form • frontal teaching 
• individual work 
• partner work 
• group work 

.85 

de
ep

 s
tr

uc
tu

re
 Scientific Inquiry • formulation of research question 

• formulation of hypothesis 
• planning an investigation 
• performing an investigation 
• analysis of survey data  
• other classroom activities 

.91 
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of Scientific Inquiry in German and Swedish 
chemistry lessons.

Analysing the process of Scientific Inquiry (Ta-
ble 1) it becomes apparent, that the phases of 
the formulation of the research question and 
hypothesis occur respectively seldom, whereas 
in Swedish classes the formulation of hypoth-
esis lasts significantly longer (Figure 1). 

Descriptively the phase of performing lasts the 
longest in both countries. 

Beyond, the German chemistry teachers focus 
significantly longer on the analysis of the survey 
data (Figure 1 & 2), while in contrast, Swed-
ish teachers mostly focus on the performing 
phase. This becomes obvious when the signifi-
cant differences between each phase are ex-
amined. The Swedish teachers get their classes 
to perform investigations significantly longer 
compared to their planning and analysis phases 
(performing > planning, analysing), whereas 
in German chemistry lessons the performing 
phase is not significantly longer than the analy-
sis phase (performing ≈ analysing), though the 
planning phase is significantly shorter than the 
analysis phase (planning < analysing). In sum-
mary, the German teachers put the focus on 
the performing and analysis of investigations, 
compared to the Swedish teachers, who focus 
solely on the performance phase. 

Discussion

There are three important aspects, which need 
to be discussed. The first aspect deals with the 
general organisation of chemistry lessons in 
Germany and Sweden. On the level of the gen-

eral organisational teaching phases, the lessons 
of both countries seem to be quite similar. Ana-
lysing the lessons on the level of the teaching 
method shows that in German chemistry les-
sons class discussions dominate, while in Swe-
den the independent group work and teacher 
talk is more common. Other studies showed 
similar results for German physics classes      
(Seidel & Prenzel, 2004). These results give first 
impressions of the different teaching patterns, 
which occur within each country. 

A second important aspect concerns the phas-
es of formulating research questions and hy-
potheses. It occurs that in the Swedish videos 
hypotheses are formulated significantly more 
often than in the German ones, but in gen-
eral, the teachers in both countries initiate the 
phases of formulating research questions and 
hypotheses very rarely. It can be assumed that 
teachers generally have problems, integrating 
these phases into their lessons, also in coun-
tries with a lot of experiences in the field of 
Scientific Inquiry. It arises from the fact that the 
teachers often know that their students seem 
to have difficulties in formulating questions 
and hypotheses (Hammann, Phan, Ehmer, & 
Bayrhuber, 2006; Shute & Glaser, 1990; Tsch-
irgi, 1980), also in older ages (Njoo & de Jong, 
1993; Tschirgi, 1980), as well as the teachers 
have themselves no experience in formulat-
ing the research questions and the hypotheses 
(Ozel & Luft, 2011). Additionally the short dura-
tion of the formulation of the research question 
and the hypothesis phases show that the pro-
cess of Scientific Inquiry with the intended five 
steps is only partly realised in chemistry lessons 
in both countries, despite its importance within 
Scientific Thinking.

This journal is © Sience Education Review Letters    4 

 Variables Germany Sweden 
general 
organisation of 
whole chemistry 
lessons 

teaching 
phases 

1. development phase (83,4)  
2. consolidation phase (6,0) 
3. other activities (5,7) 

1. development phase (73,3) 
2. other activities (11,2) 
3. repetition phase (9,2) 

teaching 
methods 

1. class discussion (35,8) 
2. independent seatwork (33,4) 
3. teacher talk (18,37) 

1. independent seatwork (42,6)  
2. teacher talk (27,75) 
3. class discussion (19,9) 

general 
organisation  
within 
development  
phase 

teaching 
methods 

1. independent seatwork (41,4) 
2. class discussion (32,2)  
3. teacher talk (18,6) 

1. independent seatwork (74,1) 
2. teacher talk (22,2) 
3. class discussion (3,8) 

social form 1. frontal teaching (51,8) 
2. group work (43,8) 
3. individual work (3,2) 

1. group work (74,1)  
2. frontal teaching (25,9) 
3. --- 

 

Table 2: Differences within general organisation of the teaching process (sorted by relative frequency [%]; listed are the three 
most frequent categories).
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The third interesting aspect concerns the signifi-
cant differences within the duration of the plan-
ning, performing and analysis phases. These 
results lead to the conclusion that the German 
video-recorded chemistry lessons are often 
more product-oriented, while Swedish chemis-
try lessons rather focus on the process of per-
forming the investigation. Further investigations 
are required to understand the consequences 
of these differences more in detail (Björkman & 
Tiemann, 2011). 

In summary, the findings show first results on 
how chemistry is taught in general and in terms 
of Scientific Inquiry in an international com-

parison between Germany and Sweden. In this 
regard it becomes apparent, that there are cul-
ture-specific teaching patterns in each country. 
Further studies of the deep structure will follow.
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Figure 1: Steps of Scientific Inquiry (* = p < 0.05, ** = p < 0.01, *** = p < 0.001; n.s. = not significant) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
                         
 
 
 
 
Figure 2:  Significant differences of the phases planning, performing and analysis 
         (* = p < 0.05, ** = p < 0.01, *** = p < 0.001; n.s. = not significant) 
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