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Criteria for High Quality Biology Teaching: An Analysis
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Abstract

This study aims to analyze the process under which biology lessons are taught in terms of teaching quality criteria
[TQC). Teaching quality is defined as the properties of efficient teaching and is considered to be the criteria used
to measure teaching quality both in general and specific to a field. The data were collected through classroom
observations in this study, whose research was collected using a qualitative method. The research contained 21
classroom observations from 5 different biology teachers in 5 different high schools in Ankara, Turkey. The classes
involved differing topics taught in 9%, 10", 1%, and 12" grades. The data first underwent the structured content
analysis using the MAXqda program. The encoding numbers for the codes in the data were transferred into the MS
Excel program and were used to make quantitative analyses. The classrooms observed were grouped in terms of
teaching quality criteria using cluster analysis using the SPSS 19 program. Similar groups, on the other hand, were
evaluated according to cognitive structuring and teaching quality. As a result, avoiding the use of various methods,
using effective teaching materials, and employing strict classroom management in biology teaching with the study
group heavily increased the number of concepts communicated whereas problems in classroom management
and classroom atmosphere reduced the concepts, thus influencing cognitive structure in a negative way. Finally,
asking deepening questions and evaluative feedback affected cognitive structure in a positive way.
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Helmke (2009) stresses that the detailed and
temporal sequence of educational and teaching
activities whose topic domain is restricted in
educational institutions and which are didactically
planned should be understood from the concept
of teaching. Setting out from this definition, the
concept of teaching quality is used for the sum
of the teaching properties effective according
to the previously set normative targets in a
larger sense (Clausen, Reusser, & Klieme, 2003;
Einsiedler, 2002). Research studies in this context
make attempts at exhibiting the criteria for good
teaching. The teaching models based on behavioral
and cognitive learning approaches displayed by
such educational researchers as Caroll, Ausebel,
and Bloom are considered as the pioneers in this
field (Hasselhom & Gold, 2006; Lipowski, 2009).
So as to research teaching quality, the concepts
of effective teaching and a good teacher were
discussed, and research studies established different
research traditions over time. They are reported as
the paradigm of teacher personality, the process-
product-paradigm, and expertise paradigm (Doyle,
1977). Several isolated variables are identified for
teaching quality in independent research studies
performed within the scope of those paradigms.
Those variables are brought together on upper
dimensions via meta-analysis studies, and attempts
are made to determine and describe the criteria
for quality teaching. The variables determined in
those studies in relation to teaching quality are
summarized in Table 1 based on Neuhaus (2007).
The principles put forward initially by those
attempts are considered to be independent of the
field or to be teaching quality criteria.

Dimensions determined accordingly —mostly
contain classroom management and related
variables. Examining Tracers’ behavioral patterns
causing an
performance Kouins (1976) identifies effective

increase in teachers maximum

classroom management principles based on
the paradigm of teacher personality. Classroom
management, which is studied in the most detail
and which is considered to be the central issue of
teaching research, is considered from the following
three perspectives: (1) imposing rules preventing
time waste and disturbance, (2) time management
for successful teaching, and (3) coping with
disturbances effectively. Structuring the teaching
process is yet another dimension considered in
even different ways. Firstly, one way to structure a
lesson is to segment the course into specific portable
stages and sections and to divide the course content
into pieces. On the other hand, teachers’” directing
students’ attention to key points on the basis
of cognitive psychological structuring may be
regarded as presenting mental ties so as to build
connections between old and new information.
Managing the cognitive processes of learners in
the teaching process in such a way is an important
step in the formation of their cognitive structure. In
this case, presenting concepts forming the lesson’s
content with teaching methods and techniques
both in general and specific to the subject at hand
seem to be of key importance (Eisiedler & Hardy,
2010; Lipowski, 2009). The results of national and
international performance comparison studies
add a new perspective to traditions. Thus, it is
emphasized that the criteria used to ascertain
teaching quality in studies be considered along
with field specific combinations as well as their
complex interactions with variables specific to the
field (Ditton, 2002; Helmke, 2010).

Normatively determined teaching properties of the
biology are available within the didactics of biology
(Berck, 2005; Eschenhagen, Kattmann, & Rodi,
2000; Killermann, Hiering, & Starosta, 2009; Kohler,
2004). According to the literature, teaching biology in
accordance with scientific processes and skills is the
main objective. Neuhaus (2007) suggests a theoretical

Table 1
The Teaching Quality Criteria Yielded by Meta-analysis Studies (from Neuhaus, 2007)

Author Fraser et al. (1987) Brophy et al. (1999) Clausen et al. (2003) Helmke (2004)
Quality « Reinforcement « Supportive classroom « Classroom « Effective classroom
Criteria » Feedback climate management management

« Homework « Amount of time for « Goal setting and « Atmosphere encouraging
« Cooperative learning orientation learning
learning « Coherent content « Cognition « Motivating
«  Meaningful «  Goal setting and activating o Clear presentation
learning orientation  Structuring the « Directing teaching towards
» Focusing on « Thoughtful discourse content and its efficacy
important content e« Strategy teaching clarity « Encouraging self-regulated
o Typesof teachers’ « Scaffolding students’ task learning
questions engagement « Establishing learning
« Having orientations

experiments done

« Variety of methods
« Dealing with heterogeneity
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framework in relation to adapting the general
teaching quality criteria into the teaching of biology.
Furthermore, the criteria for biology teaching were
set by Wiisten, Schmelzing, Sandmann, and Neuhaus
(2010) who stated that using real objects, models,
terminology and ways specific to biology, structuring
the content, and directing activities toward real life
should act as quality criteria for biology education.
The importance of concepts and teaching them in
networks, the fit of the cognitive levels of teachers’
questions and students’ responses, and the quality
of in-class dialogues constituting teacher-student
interactions are among the important variables to have
been researched in the context of biology teaching.
While data are collected through video recordings
during classroom observations, qualitative research
methods are used in such research (Hugeneri Pauli,
Reusser, Lipowsky, Rakoczy, & Klieme, 2009; Pavlina,
Zorica, & Pongrac, 2011; Shadreck & Isaac, 2012;
Wadouh, 2007; Wiisten, Schmelzing, Sandmann, &
Neuhaus, 2010).

It is clear that the studies conducted in relation to
biology education in Turkey are centered around
teacher training, the professional development of
teachers, evaluation of curriculum, and the qualities
of teachers. Problems related to teaching, relevant
recommendations, and views are collected in those
studies through reviews made either nationwide or
by individual provinces in Turkey. It is reported in
those studies that biology teachers are inadequate in
terms of biology practices in secondary education
and that the inadequacies stem from insufficiencies
in pre-service training. It is also reported by high
school students that the problems of biology
teaching revolve around physical insufficiencies in
general and around application insufficiencies in
their biology classes (Kaya & Giirbiiz, 2002; Oztas
& Ozay, 2004). In their study conducted on the
basis of video analyses, Kog, Peker, and Osmanoglu
(2009) define the pieces of teachers’ discourse,
which they group into three categories: explanatory,
confirmative, and informative, explaining the
effects of each discourse. Dogan (2006), on the
other hand, analyses primary school mathematics
classes in terms of lesson pattern and teaching
techniques via lesson observations. Giirbiiz and
Siiliin (2004) emphasize that qualified prospective
biology teachers should be trained and should
gain the scientific process skills in order to teach
biology at a high level of quality. In their study with
biology teachers in Turkey, Altunoglu and Atav
(2005) discovered two factors found to inhibit
students from learning biology. The first of these
factors was students’ arriving at the higher stage

of education from primary school with insufficient
knowledge and the second was students’ negative
attitudes toward their biology course. In a study
by Oztiirk Akar (2005) it was concluded that
there are differences between schools in terms of
implementing biology curriculum and that such
traditional teaching methods and techniques
employed by biology teachers as asking questions
and direct instruction are used. The same study also
found that lab applications are kept at minimum
levels. In a number of other studies performed in
which the methods and techniques used by biology
teachers are described, it is highlighted that such
methods and techniques should be modernized
(Atict & Bora, 2004; Temelli & Kurt, 2011). The
study conducted by Cimer (2004) investigated
views for effective biology teaching through surveys
and interviews with both biology teachers and
high school biology students. Similarly, this study
also reported the use of teacher-centered biology
teaching which makes little use of experiments and
suggests that measures be taken both for teacher
training and teachers’ professional development. It
was found during the literature review that while
teaching quality had been researched on the basis of
expertise using questionnaires to obtain views, the
effect of class length on teaching quality criteria had
been scarcely researched. Aydin and Boz (2012), in
their literature compilation, analyzed teachers’ and
prospective teachers’ knowledge based on different
components in science education within Turkey.

Helmke (2002) claims that teaching quality should
be evaluated through a perspective specific to the
subject by taking into consideration the nature of
the subject, the structure of the curricula, and the
methods of study. For these purposes, the discipline
of teaching itself must be made into the object of
research (Fischer, Borowski, Kauertz, & Neumann,
2010). In their research, Oztiirk and Demircioglu
(2002) found that the in-class behaviors of biology
teachers as biology curriculum practitioners should
be researched. Apart from studies concerning
teachers, students, and administrators’ perceptions
of teachers’ efficacy, students’ learning outcomes,
or lesson quality, observing the variables related to
teaching quality in real processes is an aspect gaining
importance in research on biology teaching quality
(Rixius & Neuhaus, 2010; Wiisten et al., 2010; Wiisten,
Schmelzing, Sandmann, & Neuhaus, 2008). As was
also discussed in the literature, biology teaching quality
should be analyzed according to variables and their
interactions rather than simply according to isolated
variables (Ditton, 2002; Rixius & Neuhaus, 2010). In
relation to this, O’ Sullivan (2006) considers lesson
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observations important in their ability to comprehend
the reality of a lesson as it unfolds. The researcher
points out that measuring students” achievement alone
cannot fully reflect teaching quality and recommends
using such classroom-based methods as lesson
observations and student interviews to achieve this.
In this framework, among the necessities of biology
teaching are analyzing biology teaching in terms of
quality criteria, describing the transfer of biological
knowledge and which variables influence the transfer
and the structuring of biological knowledge. This is
a pioneering study for more comprehensive lesson
observations to be made in the future in relation to
biology teaching. This study is important for two
reasons; the first being that it reviews the literature and
research methods, thus forming the codes framework
for qualitative data analyses and the second reason
being that it familiarizes prospective research studies
with the field.

This study aims both to describe biology classes in
terms of teaching quality variables and to analyze
the states of cognitive structuring. Therefore, this
study focuses on three main elements (1) teachers’
and students’ behaviors, which constitute the process
of biology teaching, (2) the lesson pattern, and (3)
the cognitive flow of the lesson from the perspective
of TQC for the lesson process as it is composed of
student-teacher interactions. The properties of
those lesson processes which share similar TQC
variables are examined in groups and the structuring
properties of these groups are compared in this study.

Research Questions

1. Do different biology lessons share similar
variables rating teaching quality?

2. How is cognitive structuring in biology teaching
conducted in similar groups according to
teaching quality variables?

Method

Research for this study was performed under a
holistic multiple case design. Accordingly, the
data were collected through lesson observations
in which the researcher monitored teaching in
its natural flow in the classroom-the natural
environment of teaching-according to a pre-
determined framework by the observers who do
not interfere with the process is compatible with
structured field study (Yildirim & Simgek, 2006).
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Study Group

Different grades, topics, teachers, and grade levels
were reached by using maximum variation sampling
(Yildirim & Simgek, 2006). This sampling method
researches similarities and differences having
different variables. Thus, the research involves 21
lesson observations made in 5 different high schools
in Ankara, Turkey. The school types, grade levels,
teachers’ experience, gender, and the topic of the
classroom observed are shown in Table 2.

According to Table 2, five teachers (one male and
four female) with 11-14 year teaching experience
were observed in 7 different classrooms for a
period of 2-7 class hours. The lessons contained
the presentation, revision, and test questions of
9%, 10%, 11%, and 12™ grade biology topics. Each
observation lasted for 40 minutes (a class hour).
The codes shown in Table 2 were created for each
class and teacher, and the observations and analyses
were conducted with those codes.
were not done to form this sample of the research.
Instead, the study was conducted with the biology
teachers who had been reached randomly and who
had permitted data collection. Since the research
did not aim to perform analyses on the basis of
school types or teachers experience, adding the
observations to increase variety was considered
sufficient. The number of observations in the study
group was decided upon by ensuring that the variety
was sufficient for qualitative analyses and that it was
three times as many as the number of variables
necessary for quantitative analyses (Bortz, 2005).

Pre-studies

Data Collection

The research data were collected through lesson
observations in accordance with a structured field
study, as recommended by Yildirnm and $imgek
(2006). For our purposes, lesson observations were
made in accordance with the framework suggested
by Bellack (1972). The framework involves such
procedures as the determination and classification
of the behaviors to be observed in the lesson, the
formation of special observation framework, and
the determination of behavioral units.

Procedures

The teaching process was observed by four fifth
year biology teaching students during their School
Experience course, and was recorded in writing. The
data collection process lasted for 10 weeks for each of
the two sequential semesters. While 30 lessons were
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Table 2

The Properties of the Study Group

The classroom code  School type Classroom  Gender Experience  Teacher Topic
observed and code (years) code
DGl1 High school-5 11E Female 13 1 Digestive System
irculat
DG4 High school-5 11E Female 13 1 Circulatory
System
Anatolian high
DS5 natolian fig 10C Female 14 2 Ecological Units
school -4
Digesti
DG2 High school-5 11E Female 13 1 igestive System
(repeated)
Digestive Syst:
DG3 High school-5 11E Female 13 1 1gestive Systerm
(repeated)
DSs1 Anatolian high 1c Female 14 ’ O.rgan.s Helping
school-4 Digestion
DS2 Anatolian high ” Female 14 5 TesF FGeneral
school-4 revision)
DS3 Anatolian high 10F Female 14 2 In‘fectlous
school -4 Diseases
DS6 Anatolian high 10C Female 14 ) Biotic- Abiotic
school-4 Factors
DY10 Anatolia high 11A Female 12 4 Celll{lar.
school-3 Respiration
. . Respiration
Anatolian high
DY2 natotian hig 9E  Female 13 3 (General
school-1 o
revision test)
Ds4 Anatolian high 10C Female 14 5 Ecology and
school -4 Ecosystem
Anatolian high Mouth and
DY1 E Femal 1
school-1 ? emae 3 ? Dental Health
DY3 Anatolian high 11A Female 12 4 Stem
school-3
Anatolian high
DY4 natolian g 9E Female 13 3 Carbohydrates
school-1
DY5 Anatolian high 10 Male 11 5 Aero?:nc '
school-2 Respiration
DY6 Anatolian high 10E Male 11 5 Fermentation
school-2
DY7 Anatolian high 12E Male 11 5 Respiratory
school-2 System
DY8 Anatolian highop g 13 3 Cell
school-1
Anatolian high
DY9 natolan fig 9B Female 13 3 Cell Organelles
school-1
DY11 Anatolian high 9B Female 13 3 Air Pollution

school-1

observed in total, only 21 of them were analyzed.
The data collection stages consisted of training the
observing students, evaluating the experimental
observations, and fulfilling the lesson observations.

Training the Observers: The training offered to the
observers for data collection was performed in the
following stages: (i) the students were informed of
the nature of qualitative research and observations
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during 2 sessions of 2 hours each according to
Yildirim and Simsek (2006). (ii) The observers were
introduced to the lesson process and its determined
dimensions in accordance with the purpose of the
research. Their awareness was raised so that they
might be able to distinguish said dimensions in
the dynamic flow of the lesson. The observation
framework formed was introduced to the students
in the training sessions. (iii) Because students would
perform observations and record their observations
in writing at the same time, a writing notation was
given to the observers. According to the notation,
abbreviations were determined, and the teacher’s
discourse would be represented by the letter “L,
and the students’ by the letter “S,” and the observer’s
descriptions would be within parentheses: “( ).
Apart from that, the observers were also told to
make note of the teachers’ gender, the date and time
of the observation, the school type, the classroom,
and the point of teaching on the observation report.
(iv) During the next stage, the observers were given
instructions on the purpose of the observations,
the observational framework, and the rules to be
obeyed while performing observations. They were
then given an informative form on data collection
and on the principles of recording observation. The
form was a summary of what had been instructed
to them during the training sessions. Thus, care was
taken so that the observers’ notes on teachers’ and
students’ oral statements during class and on the
situations complementing them were collected in
an easy to compare and systematic way.

Observational Framework: The headings of
lesson observation, the physical structure of
the classroom, classroom atmosphere, in-class
interactions, learning-teaching process activities,
and cognitive structure were explained. Classroom
atmosphere was defined as the general make-up of
the classroom in terms of students’ and teacher’s
behaviors and the observers were asked to describe
it. Descriptions contained such statements as ‘the
class is silent/ abuzz/ noisy/ complex/ listening/
active/ passive! In-class interaction describes
teacher-student, student-teacher, and student-
student communication methods dominant during
the lesson. The important aspect of these stages is
that they do not involve biology content. Cognitive
structure involves the behaviors that the teacher
tries to instill in students while teaching the lesson’s
biology topic as well as the communication process
in the meanwhile occurring through students’
responses. In this process, it is demanded that the
rules, the concepts, the meanings of the concepts,
their relations, and ties in the biology topic-that
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is to say, the flow of the topic as a whole in the
classroom-should be written.

Evaluation of the Experimental Observations:
Regular weekly meetings were held with the
observers during the data collection process.
The observation reports written were read and
analyzed together and were not considered as data
until the reports had gained the desired format
(9 class hours). The implicit, unclear conceptual
expressions were a problem needing to be overcome
in this process. The observing students were told
that such statements as “the event of respiration is
described in creatures” written in their observation
reports did not represent the process and were told
to report the knowledge transferred and the class
atmosphere instead. Interventions were made to
render the inconsistencies reported in terms of the
process. For example:

10.20-10.30:  (starting ~ with  respiration
coefficient. The teacher said if the coefficient is
equal to 1, it is carbohydrate; if it is bigger than
1, it is protein.)

In this reported observation, although the timing
was stated as 10 minutes, it was asked whether the
activity did indeed last that much. Thus, it was
concluded that the observing students could not
follow the teacher and that they could not write what
had been instructed in the class in their reports.
On the other hand, they were recommended to
describe the cognitive structure in detail, to reflect
the classroom atmosphere in the form of brief
notes, and to use well-known abbreviations for the
concepts in biology field knowledge. In this way,
efforts were made to reach high quality observation
reports describing the flow of the lessons clearly.

Data Analysis

The data were analyzed by using quantitative and
qualitative analysis methods. First, a qualitative
analysis of the observation notes was performed,
then, based on the results, those groups similar
in terms of teaching quality criteria (TQC) were
formed through quantitative analysis.

Qualitative Analysis: The structured content
analysis recommended by Mayring (2002) was
employed for the qualitative analysis of the research
data. Each lesson observation was used as the units
of analysis, and differing units were used as the
units of coding according to the properties of the
categories. The coding system is shown in Table 3.
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Table 3
The Code System
Categories Upper codes  Codes
Domain Teaching Using models
specific methods and  Oral presentation
teaching techniques  Technological
quality support
(Teacher Using the
activities) blackboard
Analogy
Feedback
Asking questions:
knowledge,
comprehension,
deepening
General (In-  Classroom  Avoiding waste
terdisciplin- ~ management of time
ary) teaching Structuring the
quality teaching hour
(Teacher Atmosphere
activities) encouraging
learning
Classroom  Noise,
atmosphere  participant,
chaos
Student Negative Irrelevant
activities behaviors conversations
Positive Presentation
behaviors Answering
the teacher’s
questions
Asking relevant
questions
Cognitive Concepts

structure of
the lesson

The codes were defined based on Helmke (2009),
Lipowsky (2009), and Kiel (2010), and were
extended with the studies performed by Neuhaus
(2007) and Wiisten et al. (2008). Both the studies
of Gall (1970) and Einsiedler and Hardy (2010)
were referred to in structuring questions and in
the cognitive structuring of teaching. The basic
criteria in the code system were to distinguish
between student and teacher activities as the
elements constituting the lesson. Teacher activities
were structured on the basis of domain-specific
teaching quality criteria, including classroom
management and instilling field concepts within
the general framework of general teaching quality.
Apart from these, the cognitive structuring of the

lesson involved the transfer of knowledge related
to the topics presented in each lesson unit. Student
activities are defined as the conversations related to
the topics in the lesson process or as being irrelevant
to them. After defining the codes and setting
coding rules, the related examples were created for
coding. Two experts, one of whom was employed
in the field of educational administration and the
other in the field of educational measurement
and evaluation, were consulted for their opinions
with regard to the compatibility of the table. After
codings were done according to those rules, the
codes were placed in upper codes and categories
using an inductive method. The coding was done
using MAXqda X2.

Quantitative Analysis: At this stage, a cluster
analysis was performed. A cluster analysis is a
statistical method with multiple variables aiming to
collect individuals or objects in similar groups based
on several of their characteristics (Jiirgen & Laatz,
2007; Ugar, 2005). In performing the cluster analysis,
(i) firstly, the codes determined as the criteria for
teaching quality were used as the comparison
variables for forming the groups. (ii) The codings for
these codes were then transformed into numerical
data. (iii) The correlation coefficients between the
codes were calculated. (iv) The presentation activity
(r=.991, p=.00, n =21) with a correlation coefficient
of .90 and above, and the variables of asking
questions (r = .90, p =.00, n = 21) and feedback (r =
.92, p =.00, n = 21) were removed from the analysis.
(v) The ANOVA results were obtained for 5 clusters
using the k-means method in reducing the number
of remaining variables. According to these results,
the insignificant variables were removed from the
analysis while forming the groups (see Table 4). (vi)
A hierarchical clustering analysis was done using the
centroid linkage method. (vii) The groups formed
were again tested using the k-means method (Mooi
& Sarstedt, 2011). After the concepts numbers
were transformed into z-scores for the cognitive
structuring between groups formed through the
cluster analysis, they were compared. They were
also evaluated qualitatively. The SPSS 19 was used to
perform these analyses.

The Quality Criteria of the Research

The validity and reliability of the research were
supported by various applications in addition to
the research design, method, and fit of the sample
selection. The applications mentioned are the
collection of research data by independent observers,
preparing the codes system on the basis of the literature
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and their evaluation by two different experts, and
computing the inter-rater reliability for observational
data between the researcher making the codings
according to the coding key and another coder (Kappa
value: .656, t = 26.960, p = .00; Dawson-Saunders &
Trapp, 1994 as cited in Boyacioglu & Gtineri, 2006).
Moreover, it was important that the analyses be varied
in this research and that the qualitatively collected and
analyzed data both be interpreted through statistical
analyses and supported by qualitative findings. By
forming the cases statistically the objectivity of this
study increased. The researcher both assured the
training and control of the observers in the data
collection process and performed the analyses. Both
the highness of the classroons distance coefficients,
which may be regarded as negative examples, and
the group having a low level of homogeneity were
compatible with the dynamic structure of the teaching
environments and the teaching process’ dependence
on a number of variables, including teachers, students,
and the properties of the topic presented.

Findings

Grouping the Observed Classrooms on the Basis
of Teaching Quality

Decisions as to which codes determined for the
grouping of the classrooms observed were significant
in cluster analysis were made through k-means
method ANOVA results. In order to decide on the
number of clusters at this stage, the dendrogram was
examined through a hierarchical cluster analysis. In
samples suggested by Uzgoren and Kegek (2005),
the square root of half of the number of samples was
taken, and it was decided that the number of clusters
would be three. The ANOVA results for the analysis
are shown in Table 4.

According to Table 4, the variables of
interdisciplinary teaching (F(2, 18) = 10.778, p =
.001), atmosphere encouraging learning (F(2, 18)
= 7.349, p = .005), structuring the teaching hour
(F(2, 18) = 7.567, p = .004), student activities (F(2,
18) = 13.217, p = .000), answering the teacher’s
questions (F(2, 18) = 8.164, p = .003), and asking
relevant questions (F(2, 18) = 14.506, p = .000) are

%EIZ?\IOVA Results for the Significance of the Variables Used in Groupings
Cluster Error
Mean Square df Mean Square df F

Characteristics of the domain specific teaching 1266.679 2 33.623 18 37.673*
Oral presentation 30.962 2 9.740 18 3.179
Using models .101 2 .042 18 2.429
Analogy .655 2 .806 18 813
Technological support 4.194 2 1.158 18 3.621
Using the blackboard .587 2 3.988 18 .147
Characteristics of the interdisciplinary teaching 294.605 2 27.335 18 10.778*
Atmosphere encouraging learning 59.033 2 8.033 18 7.349*
Structuring the teaching hour 48.176 2 6.367 18 7.567%
Learning help 1.032 2 615 18 1.677
Homework 1.994 2 2.054 18 971
Comprehension check .758 2 .508 18 1.492
Avoiding waste of time 22426 2 9.561 18 2.346
Classroom atmosphere 4.557 2 11.557 18 394
Preparing the teaching environment .248 2 914 18 271
Complexity 1.223 2 5.409 18 226
Instructive environment .140 2 1.387 18 .101
Participant 2.634 2 776 18 3.394
Silent .651 2 1.473 18 442
Sincere 319 2 351 18 910
Student activities 354.937 2 26.854 18 13.217*
Answering teacher’s questions 105.890 2 12.970 18 8.164*
Asking relevant questions 44.990 2 3.102 18 14.506*
Presenting the topic 18.121 2 8.098 18 2.238
Irrelevant conversations 6.490 2 2.824 18 2.298

*p<.05.
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Figure 1: Dendrogram using hierarchical cluster analysis centroid linkage method.

statistically significant in forming the groups. The
Dendrogram obtained as a result of the cluster
analysis performed with these variables is shown
in Figure 1. An examination of the Dendrogram
makes it clear that the observations are divided
into many sub-groups under two umbrella groups.
The distance combination results are shown in
Table 5. On examining the table along with the
Dendrogram shown in Figure 1, it is found that the

distances between observations appointed to the
clusters increase after passing into different groups.

Accordingly, the distance between 1(DG 3) and
8(DY9) is the biggest. In line with this, these two
observations were grouped into two different
blocks. 2(DY4) and 9(DS5), along with 1(DG 3),
form the borders of this cluster. It is understood
that the number of groups to be formed following
the analysis can be between 2 and 5.

Table 5
Agglomeration Schedule
Cluster Combined Stage Cluster First Appears
Stage Cluster 1 Cluster 2 Coefficients Cluster 1 Cluster 2 Next Stage
1 15 20 .000 0 0 5
2 11 14 .000 0 0 7
3 8 16 .005 0 0 4
4 8 18 .005 3 0 7
5 15 19 .005 1 0 8
6 6 12 .010 0 0 10
7 8 11 .013 4 2 8
8 8 15 .024 7 5
9 8 21 .022 8 0 13
10 6 7 .030 6 0 11
11 5 .037 0 10 15
12 10 13 .045 0 0 15
13 8 17 .056 9 0 20
14 2 3 .068 0 18
15 5 10 074 11 12 17
16 1 4 .094 0 0 17
17 1 5 126 16 15 18
18 1 2 131 17 14 19
19 1 9 185 18 0 20
20 1 8 .255 19 13 0
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Table 6
Cluster Memberships for the Classrooms Observed

Cluster memberships formed in Centroid Linkage Method

Cluster memberships formed in K-Means Method

Case 5 Cluster 4 Cluster 3 Cluster 2 Cluster Case Clusters Distance
1:DG3 1 1 1 1 DY10 1 7.767
4:DG2 1 1 1 1 DG1 1 7.303
2:DY4 2 2 1 1 DY3 1 8.544
3:DS1 2 2 1 1 DS3 1 10.708
5:DY10 3 1 1 1 DY2 1 8.583
6:DG1 3 1 1 1 DS6 1 11.358
7:DY3 3 1 1 1 DY4 2 6.928
10:DS3 3 1 1 1 DS1 2 6.928
12:DY2 3 1 1 1 DY9 3 3.403
13:DS6 3 1 1 1 DY8 3 7.974
8:DY9 4 3 2 2 DY6 3 6.692

11:DY8 4 3 2 2 DS4 3 3.997
14:DY6 4 3 2 2 DY7 3 3.922
15:DS4 4 3 2 2 DG4 3 10.401
16:DY7 4 3 2 2 DY5 3 3.519
17:DG4 4 3 2 2 DY11 3 5.383
18:DY5 4 3 2 2 DS2 3 5.233
19:DY11 4 3 2 2 DY1 3 7.873
20:DS2 4 3 2 2 DG3 4 8.170
21:DY1 4 3 2 2 DG2 4 8.170

9:DS5 5 4 3 1 DS5 5 .000

It is understood that when the number of groups is
5, the likelihood of deriving homogeneous groups
will also be high. Accordingly, cluster memberships
were formed using two different methods, shown
in Table 6.

According to the Table, while the numbers of
clusters are different in the 5-cluster analysis
performed using the centroid method and in the
analysis performed using the k-means method,
similar observations were grouped together. The
difference stems from the rationale of the methods
in forming groups. What is important here is the
inclusion of both cases in the same cluster. The fact
that the two cases come together in clusters in both
methods makes the analyses stronger. In the next
part of the study, the cluster memberships of the

groups are analyzed with the cluster membership
numbers obtained through the k-means method.
Accordingly, the second group contains 1 case (or
1 classroom observed), the third group contains 10
cases, the fourth group contains 2 cases, and the
fifth group contains 1 case. Table 7 shows which
properties of the groups are similar and different
based on the comparison variables considered as
codes for teaching quality criteria.

The final cluster centers show the distances
between cases in the final according to each
variable. The results represent the averages for
the clusters according to the variables while also
showing the clusters’ profiles. An examination of
Table 7 demonstrates that cluster 3 has the lowest
averages in all variables and that it is distinctively

Table 7
Final Cluster Centers in terms of Variables
Clusters
1 2 3 4 5

Domain specific teaching 19.00 35.50 5.50 28.00 43.00
Interdisciplinary teaching 13.00 6.50 5.80 26.00 19.00
Atmosphere encouraging learning 3.00 .50 .80 12.00 5.00
Structuring the teaching hour 7.00 3.00 3.20 9.50 7.00
Student activities 16.67 12.50 3.10 8.00 21.00
Answering the teacher’s questions 7.67 5.00 1.20 5.50 15.00
Asking relevant questions 2.67 7.00 .40 .50 5.00
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different from the other clusters. While cluster 2
has the second highest average in terms of domain
specific teaching, it is similar to cluster 3 in its
interdisciplinary teaching average, in providing
an atmosphere encouraging learning, and in
structuring the teaching hour. It furthermore has
the lowest average. Yet, the student activities in this
group differ from cluster 3, displaying a student
profile which both asks questions and which answers
the teacher’s questions. Cluster 4, in contrast to
cluster 2, has higher averages in interdisciplinary
teaching, in providing an atmosphere encouraging
learning, and in structuring the teaching hour. In
relation to student activities, the averages for asking
relevant questions are quite low. Cluster 4 differs
from clusters 1 and 5 in student activities and in its
averages for asking relevant questions. Cluster 5 has
the highest averages in domain specific teaching,
student activities, and answering the teacher’s
questions. While cluster 1 has lower averages in
domain-specific teaching, it is similar to cluster 5 in
terms of the other variables.

An Evaluation of the Clusters in Terms of
Cognitive Structuring

For all of the study group, the arithmetic average
for the number of concepts, which was the variable
for cognitive structuring, was calculated as 21.52,
the standard deviation as 18.77, the smallest value
as 2, and the biggest value as 76. Figure 2 shows the
averages for the groups in terms of the number of
concepts communicated.

Accordingly, while clusters 1 and 5 are very close
to one another, clusters 2 and 4 are close to one
another. Clusters 1, 3, and 5 have values below the
average for the whole study group whereas clusters
2 and 4 have averages above the general average.
Thus, it may be said that there are differences
between groups in terms of the number of concepts
communicated in the lesson process.

Qualitative Analysis Findings

In this part, the observational findings on which
the statistical analyses are based are evaluated
qualitatively, and the qualitative quotations related
to group profiles are described in depth. For this,
all the classrooms observed were sequenced based
on the cluster analysis, and the codes distribution
matrix was derived, as is seen in Figure 3. The
codes and the codings for the codes belonging to
the classrooms observed are shown in the codes
distribution matrix as squares. The size of the
squares shows the number of codings. The form
of the matrix that had been transformed into
numerical data formed the basis for the cluster
analysis, and it was used for statistical calculations.

It is obvious from the finding that the statistically
insignificant variables were coded in the majority
of the observations or that they were coded
in 2 or 3 observations by using analogies, for
example. Because the cluster analysis grouped
the observations by determining the distances
according to the averages of the variables, they were
not considered as significant variables.

The classrooms observed in the two cases included
in cluster 4 are in the same school, in the same
class (11E), and have the same teacher, according
to Table 2. It is seen that the topic on the Digestive
System was studied again in the lesson. This is
the group with the highest number of concepts
communicated (see Figure 2). According to Figure
3, the techniques of oral presentation and asking
questions were heavily used in domain-specific
teaching whereas doing activities promoting an
atmosphere encouraging learning, avoiding the
waste of time, and structuring the teaching hour
were used as variables rating general teaching
quality. The questions that the teacher asked
students or the questions that the teacher answered,
feedback given, and learning aids were remarkable
in the cognitive structuring process.

“L: we are going to complete the missing part. Say
it. S: stomach is the organ for digestion. The place

Figure 2: A comparison of the clusters’ numbers of concepts communicated according to z-scores.
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Figure 3: Coding distribution matrix for the cases observed.

where the stomach begins with oesophagus is
called the pylorus. It is covered with three layers
of membranes coming from outside. L: Think
again, at the outside? (The student could not
continue here). You don’t need to memorize it.
It is covered with mucus. Isn’t it? How is mucus
produced? From goblet cells. So what is in it? S:
Epithelium tissue” (G4, DG3, 34-37)

Codings related to giving homework were observed
in cluster 4.

“Study and get ready for the Circulatory System
in humans for Monday” (G4, DG3, 104-104)

“L: you have homework for next week. Study the
duties of gall of cholesterol..” (G4, DG2, 109-110)

It was found that assignments were not pre-
structured according to homework codes, that
homework checks were done at the beginning of
the classes, and that the students were made to feel
that doing the homework was important. The code
for avoiding the waste of time and spoilage was
frequently seen in this cluster.

“Yes. That’s enough. Stop talking” (G4, DG3, 10-
10)

“L: why are you still talking with your friend,
Secil. We have already wasted time. What's the
problem?” (G4, DG4, 36-36)

“L: Ummii! Why isn’t your notebook open?
Hurry up! Open it” (G2, DG3, 23-25)

On examining those codings, it was found that
the teacher had strict control over the classroom.
Besides warning the students without pronouncing
the names, the teacher also responded to small
groups or to individuals by saying their names. In
some cases, the teacher was found to give more
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strict responses, but did so in order to avoid
conflicts. It was also observed that the teacher
continually reminded students of the sub-heading
that they were studying and tried to encourage
students to learn in order to structure the teaching
hour. The relevant quotations are:

“L: That’s all for the stomach. Now we come to
the duodenum.” (G2, DG3, 59-59)

“... now the small intestine.” (G2, DG3, 88-89)

An examination of the data in relation to cluster
2 in Table 2 makes it clear that they come from
different types of schools, have different teachers,
and are at different grade levels (DY4, 9" graders,
DS1 11 graders). A lesson on carbohydrates was
taught in the classroom coded as DY4 whereas
one on the organs helping digestion was taught in
the classroom coded as DSI. An above average
number of codes was also communicated in this
group. Presentations were done with the help of
a projector in the classroom coded as DSI1. It was
found in relation to cognitive structuring that the
concepts were communicated by the teacher to the
learners using differing techniques.

“L: How do you understand that a substance
contains chitin and starch?” (Classroom silent)
(G2, DY4, 56-62)

“L: what type of an animal could it be?” (The
teacher showing the picture of the digestive
system of a herbivorous mammal turned to the
students and asked them.) (G2, DS1, 50-53)

The question and answer technique was used in
cluster 2. Yet, in contrast to cluster 4, the questions
were related to daily life, and the types of questions
ensuring and deepening comprehension were
employed. To exemplify this:
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“L: (Showing a reaction in the slides, the teacher
asked) where do you think this reaction is
happening?” (G2, DS1, 97-98)

“L: what are the polysaccharides in your life?”
(G2, DY4, 44-45)

In relation to student activities, while there were no
differences between clusters 2 and 4 in answering
the teacher’s questions, it was observed that the
students asked the teacher questions in cluster 2, as
is clear from Table 7. The quotation supporting this
is as follows:

“S: But when I drink milk, it is not sugary” (DY4,
33-33)

“S: Does honey contain sugar?” (DY4, 34-34)

“S: which one releases albumin? I think it
hinders the formation of oedema in the body in
cold places” (G2, DS1, 83-84)

Cluster different
interdisciplinary teaching, in providing an atmosphere
encouraging learning, and in the codes for structuring
the teaching process. Students’ participation in the
lesson reduced the negativities in terms of classroom
management. Although a smaller number of concepts
was communicated, they were presented in deeper
relations. Cluster 5 involved only one observation:
the observation coded as DS5. It was performed
in an Anatolian High School, grade ten in which
students were studying Ecological Units. It was taught
by a female teacher with 14 years of experience. The
presentation was done with a projector and the domain
specific teaching here had the highest average of all
groups in terms of students answering the teacher’s
questions (see Table 7). On examining Figure 3, it was
found that presenting the topic, asking questions, and
giving feedback were coded more than the other codes
related to domain-specific teaching. The number of
concepts communicated was smaller in this cluster
than the number communicated in clusters 2 and

2 was from cluster 4 in

4. An example of cognitive structuring in which the
concepts were communicated is presented as follows:

“L: Today we are going to have a look at the
important concepts in ecology! Yes, let’s start with
what ecology is. Who can define it? (The teacher
permitted a student raising his/her hand to speak.
The teacher was standing in front of the class)

S: It is the mutual relations between living and
non-living things in nature (another student
interrupted).

The other student: Maam! Ecology is a science
which studies the mutual relations between
living and non-living things in nature.

L: Yes, these are all correct. Alright, let's make a
generalization then. Ecology is one of the sub-
branches of biology, which studies the mutual
relations between living and non-living things
and their relations with the environment... (The
class is listening to the teacher standing in front
of them.).

L: Okay then. What is the terminological
equivalent of the environment of living specific to
a species of living things? (Looking at the class.)

S: Habitat. Yes, we call it habitat (The class
listening silently)...

L: So what is in the heart of the word ecosystem?
Let’s see (The teacher reads the definition turning
to the presentation)... In your opinion, how can
we extend this definition? What’s your opinion
Zeynep? (Looking at the student.)

S: Do you mean the other components in
the ecosystem, maam? Such as producer and
consumers?” (G5, DS5, 30-47)

As is clear from the quotation, concepts were
presented by having the students make comments
and with feedback and oral explanations. The
observer notes showed that the class was listening to
the teacher. The teacher called the students by their
names and answered their questions. The teacher’s
questions were of the type that encouraged learners
to think cognitively, that demanded examples,
that made sure that they distinguished between
concepts, and were deepening questions. Examples
of this include the following:

“How do you think this definition can be
extended?” (G5, DS5, 44-45)

“To be more specific, are the oak forests in the
Black Sea Region ecosystems?” (G5, DS5, 67-67)

“L: Who can give an example?” (G5, DS5, 67-67)

Cluster 1 involved six observations of different
schools and grade levels. The topics were The
Digestive System, Respiration, and Ecology. The
teachers were female and had 12 to 13 years of
experience. According to Table 7, student activities
in cluster 1 were similar to those in clusters 2, 4,
and 5 in terms of the averages for interdisciplinary
teaching quality and for domain-specific teaching
quality. This case shows, as is clear from Figure 3,
that the codes for domain-specific teaching, for
asking questions, and for feedback are more in
cluster 1. According to Figure 2, cluster 1 is closer
to the average in terms of the number of concepts
communicated and has higher values than cluster 3.
On examining the quotations related to this group,
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it was found that the teacher made the learners
write down the topic, that she presented the topic
by drawing on the board, and that she intervened
during chaotic situations in the classroom.

“The teacher drew the Krebs Cycle on the board.
She asked the students to copy it down into their
notebook. She used a variety of chalk colors in
drawing it” (G1, DY10, 75-75)

“The teacher is teaching the digestive system. I
couldn’t catch what she did in the meanwhile.
There is still noise sound in the classroom.” (G1,
DG1, 41-43)

While cluster 1 was trying to explain the topic in
terms of cognitive structuring, the flow of concepts
kept going through measures while avoiding
wasting time

“L: Now lets talk about arthropods. Their
intestine is divided into three: the front, back,
and middle. What is at the front?

S: the mouth, oesophagus, gizzard (a girl raised
her hand as she answers the question)

(In the meantime, the teacher continues to
describe the digestive system, I couldn’t catch
what happened, there is still noise in the
classroom.)

L: the tip of the mouth in flies is absorbent,
piercing, and tractive. Any questions so far?”
(G1, DG, 34-39)

“L: Yes! (Shouting and coming to the front of the
board).where are we now? I don't want you to
write down because it’s in the book. Birds don’t
have teeth in their mouth or beak. There is no
mechanical digestion in the mouth. So, what
happens then?” (G1, DG1, 51-53)

Cluster 3 had the highest number of observations.
It contained different schools, classrooms, and
teachers. DG4 and DS4 were the groups of teachers
who also had taken part in the other clusters during
their observations. The observations coded as DY
were the lesson processes of two teachers, one
of whom was female and the other of whom was
male. On examining the codes in cluster 3, we
noticed time being wasted due to an inappropriate
classroom atmosphere, a video watched by the class
related to the topic, the presentation of advanced
level concepts, and unclear oral presentations.
Below is an example for this:

“(Noise caused time to be wasted in the class.
The teacher did not manage to silence the class
no matter how much she tried by threatening
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with marks.)” (G3, DY8, 32-33). “(The teacher
moved the teacher’s chair to the back of the
classroom and the student started to play the
video and sat down. The title of the first video
was ‘What is ecology?” All the students began to
watch it carefully.)” (DS4, 14-16)

“L: Today, you will do the test that I have
prepared for you” (G3, DS2, 13-13)

On examining the final cluster centers shown in
Table 7, it was found that the low coding averages
for all variables revealed that the lesson was
monotonous. It was observed in the group that
teaching was conducted using question and answer
techniques heavily. Yet, the questions were asked
and answered by the teacher. There were no teacher
feedbacks in this cluster.

Discussion

The findings obtained from the study group are
discussed in this part within the framework of the
literature. Determining the statistically significant
variables (Table 4) in order to use the qualitative
analysis results in cluster analysis shows that
interdisciplinary teaching quality and student
activities emerge as important factors in the lesson
process. That this analysis is compatible with the
qualitative analysis (Figure 3) is understood with
the variables observed in the classrooms. The
findings concerning cluster memberships (Table 6,
Figure 1) and concerning the descriptive properties
in those clusters (Table 4) show that the
implementation of teaching quality criteria depend
on teachers characteristics and that it is also
influenced by the classroom structure and by
students’ properties. It is also observed here that
lesson processes differ both when the same teacher
teaches in a different classroom and when she
teaches a different topic in the same classroom (see
Table 4; the classrooms with the DS code). This is
also supported by the finding of cluster distances.
Cluster distances with a distribution of large
intervals signal the low similarity between groups.
It is noticed in the literature (Doyle, 1977; Helmke,
2003; Rixius & Neuhaus, 2010) on teaching quality
that the theoretically set criteria are more in
number. The paradigm changes experienced in
researching those criteria are associated with the
variables focused on. The variables may be stated
briefly as teachers’ professional efficacies, teachers’
leadership or classroom management skills, the
necessities of domain-specific teaching, and
students’ interests or eagerness. These variables
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emerge in the dynamic environment of the
classroom as a whole and in interaction with each
other. The diversity of criteria used to determine
teaching quality in the classrooms observed in this
study and the difference in the way the research was
performed is compatible with this theoretical
framework. We see that the cluster profiles (Table 7)
are based on the differences in averages for student
activities as well as for interdisciplinary and
domain-specific teaching quality criteria. It is clear
that domain-specific teaching, interdisciplinary
teaching, and student activities influence each
other. Cluster 4, which has the biggest number of
concepts communicated, has the highest average in
terms of interdisciplinary teaching quality criteria
but also has the lowest average in terms of students’
asking questions. The qualitative analysis results for
this group exhibits that the teacher displays very
strict classroom management. Here, the teacher’s
effective interventions preventing negative effects
to the teaching process come into prominence.
Classroom management is described as those
teacher activities related to providing conditions for
the most effective teaching. Kouin (1976 as cited in
Helmke, 2010) points out that the disturbances
occurring the most frequently in the classrooms are
noisyor whispering, noise, talking aloud, laughing,
and digressing from the topic; and the author then
adds to the list: being late for classes, failing to do
homework or bring the necessary course material,
and leaving one’s seat without permission. Three
main measures are recommended to deal with such
behaviors: Being open, being strict, and being
harsh. Cluster 4 upholds a strict classroom
management tendency and raised domain-specific
teaching activities. Cluster 2, on the other hand-
despite being similar to that group in other aspects—
had an atmosphere encouraging learning in which
students asked questions. The number of concepts
was smaller in cluster 2 than in cluster 4, but was
bigger than in the other clusters. This finding
demonstrates that the classroom atmosphere and
students’ characteristics are influential in teachers’
conception of classroom management and that an
atmosphere encouraging learning raises students’
participation in the class. In parallel to this finding,
it is stated in the literature that a good teaching
atmosphere is among the key conditions for
effective learning. The fact that these clusters, which
were formed on the basis of observed
interdisciplinary teaching quality, have different
averages in terms of the number of concepts
communicated gives importance to the applications
in variables of domain-specific and interdisciplinary

teaching quality. Despite having properties similar
to clusters 2 and 4, the number of concepts
communicated in cluster 5 is smaller than in those
clusters. On examining the techniques used in
cluster 5 in the cognitive structuring process and in
interdisciplinary teaching, it was found that the
concepts were highlighted and that the average rate
of students’ comments was high. The teacher’s
questions and feedback were different in that
classroom. It is pointed out that feedback focusing
only on whether students’ knowledge is correct or
incorrect do not have an effect on learning
achievement in general. It is instead recommended
that feedback not only be evaluative and consistent
with learners’ prior knowledge, but also with the
complexity of the task (Klugger & DeNisi, 1996).
This points to students’ characteristics, and is
supportive of the findings obtained in this study.
The fact that the questions asked in this study were
mostly at the level of knowledge caused us to think
that the concepts had not been taught in depth.
Learning the concepts in depth through questions
asked depends on deepening questions. Asking
deepening questions, on the other hand, are
connected with feedback and positive student
activities. Using deepening questions and evaluative
feedback in cluster 5 caused a reduction in the
number of concepts presented. Compared to cluster
3, whose number of concepts was lower, we
conclude that the lower number of concepts
presented in this group was a result of negative
classroom  atmosphere,
management, and the concepts discussed not being
understood. A case clearly emerging in clusters 3
and 1, which was also encountered in other groups,
was the lack of variation in methods. The techniques
of asking questions, feedback, and oral presentation
were dominantly used in the lesson. In clusters 1
and 3 however, video watching and having the
learners take notes were heavily used. This case
restricts the variety in methods and causes concepts
to be over or under presented, rendering the issue
incomprehensible. It was observed that two, three,
or four concepts were presented in those groups in
such topics as Cells, The Respiration System, and
Aerobic Respiration. Temelli and Kurt (2011) report
that biology teachers employ direct types of
instruction, question and answer techniques, and
demonstrations respectively in biology teaching
and that although they think the lab method is
effective in increasing achievement levels, they use
it at lower rates. This quantitative research finding is
compatible with the qualitative findings obtained in
the current study. In the whole of the data collected
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in the research from the study group, it was found
that the process of teaching performed in ways
compatible with biology was very little and that the
use of models was very limited. Concept
presentation was done according to classroom
management and student characteristics in the
teaching processes where materials were used were
not available. This enables teachers with stricter
classroom management bias to present more
concepts. Wiisten et al. (2010), in their
comprehensive  research  concerning  the
determination of biology teaching quality criteria,
consider the competent use of mental or real
models, the use of real materials or living things in
classes, and the use of study methods specific to
biology to be properties specific to biology teaching.
Atic1 and Bora (2004), however, suggest that it is
possible for a biology course to attain its goals by
conducting it theoretically and experimentally in
parallel. Therefore, it is emphasized that making use
of the structural and functional models, using plant
and animal models in particular, and using organ
and skeleton models will raise students’ interest in
their biology course and will help to ensure the
subject be remembered for a long time.

To conclude, this study found that the criteria for
high quality biology teaching was partly achieved
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