Examining pre-service chemistry teachers’ pedagogical content knowledge and
influences of teacher course and practice school

Examinando el conocimiento del contenido pedagdgico de licenciados en quimica y
las influencias de un curso de formacion y de practicas

CanaN NakisocLu?l, OzLeEm Karakoc?!, OnNo De JoNG?

! Balikesir University, Turkey?Karlstad University, Sweden
canan@balikesir.edu.tr, 0.dejong@uu.nl

Abstract (if) knowledge of the curriculum, (iii) knowledge of assessment, (iv)

This study examined pre-service chemistry teachers’ pedagogical content knowldédg@wledge Pf strategies for subject matter teaching, and (v) knowledge
(PCK) in the context of a teacher education program which includes both universi§t Students’ understanding of subject matter. The present study is fo-
based course work in science education and teaching in practice schools. The s&fd?/sq on the two latter components. ) .

focused specifically on the development of pre-service chemistry teachers’ PCK ofVith regard to the PCK component of teaching strategies, we agree
teaching electrochemistry to grade 11 students and how this development isinfluen¥dll Macnusson et al. (1999) that this covers a range of knowledge
by the program. The results showed that the influence of the teacher course decrel@¥gls, for instance, the quite general level of knowledge of phases of
throughout the program while the influence of the practice school increased. A gdPj€ct matter teaching and the more specific level of knowledge of
between course ‘theory’ (emphasizing student-centered strategies) and school ‘pié@Lticular teacher demonstrations or student experiments. With regard

tice’ (emphasizing teacher-centered strategies) was clearly shown. Implications {8r the PCK component of students’ understanding, we assert that this
science teacher education programs are discussed. also embodies knowledge of students’ learning difficulties. Finally, we

recognize that knowledge of students’ understanding of subject matter

Key wordspre-service chemistry teachers, pedagogical content knowledge, influetafffen develops concurrently with knowledge of teaching strategies. For

ing factors. instance, the better teachers understand their students’ difficulties with
respect to a certain topic, and the more representations and activities
Resumen they have at their disposal, the more effectively they can teach about

Este estudio examina el conocimiento del contenido pedagdgico (CCP) de Iicenciaté]cl)%rt]gpldce'velo ment of PCK is a comblex process and influenced b
en quimica en el contexto de un programa de formacion de profesores que consta de.p. .o factorg. Grossman (1990) ideﬁtifieg four sources that are pg-
curso de dldactlcgde las ciencias dg;arrollado en la universidad y de pract|casen3gﬁtia”y important with respect to PCK development: (a) subject disci-
escuela. El ESthdI.Ose centraes;_)emflcamente enel desarrg)llo delCCPen Ia_ense iﬁgry education, which constitutes the basis for knowledge of topic-
de la electroquimica para estudiantes del grado 11 y en como el programa influy \?E%Ciﬁc represenfations for teaching: (b) observation of classes, which

este desarrollo. En muchos de los profesores se observé que la influencia del ¢ %%/ romote knowledge of students’ conceptions and learning diffi-
disminuia durante el programa de formacién a medida que avanzaba la practica e% p 9 P g

escuela. Se observo una desconexion entre la “teoria” del curso (estrategias centr ties; (c) classroom teaching experiences, including the use of school
L NP . 9 tbooks, which may promote knowledge of topic-specific teaching
en el estudiante) y la “practica” en la escuela (estrategias centradas en el profeso,

. e ) —~gttivities; (d) specific courses or workshops during teacher education.
Se discuten implicaciones para los programas de formacion de profesores de Ciendadina scholars suggest that the most important contributions are made

Palabra clavelicenciatura en quimic&onocimiento pedagégico,factoresdeinﬂuencia.by disciplinary education @DERS’ et al., 1993; KpyLA, et al., 2008:
RotLinick, et al., 2008) and classroom teaching experiences DRIEL,
INTRODUCTION et al., 2002). Although the efficacy of teacher education programs
In his famous article, f®iLman (1986) introduced pedagogical con- Might be in question (8t & NEeaLe, 1989), GermonT, et al. (1993)
tent knowledge (PCK) as central to the knowledge base of teachers. 3gserted that a significant improvement in PCK occurred as a result of
described PCK as “that special amalgam of the content and pedag@gﬁpecmc workshop. Finally, #tvson, et al. (1999) showed another
that is uniquely the province of teachers, their own special form #ffluencing factor: mentors at the practice schools, especially their
professional understanding.” G&.man, 1987, p. 8). His articles have classroom teaching. In conclusion, as there have been not many stud-
strongly stimulated the interest in teachers’ PCK. In developing PCies on the ways PCK develops over time, the relative impact of each of
teachers should gain an understanding of a range of issues sucfihgsfactors mentioned before is quite unclear. The present study is
knowledge of strategies for subject matter teaching and knowledgefegused on two factors: teacher course and practice school.
students’ difficulties in understanding subject mattezn@zman, et al., Examining PCK is not easy because PCK is quite unarticulated and
1994). In the present study, pre-service chemistry teachers’ PCK wia§it in nature. A research tool that is very appropriate to take the
investigated in the context of a program that included teacher courbiélden’ character of PCK into account is the use of lesson plams (V
units and teaching practices in secondary schools. The focus wasDsR VALK & Broexkman, 1999). By comparing plans that are prepared
the development of PCK of teaching electrochemistry. It is well-knowRefore teaching and again after teaching, PCK development can be
that this curriculum topic is difficult to teach and to learre ®nc &  identified. More information about this development is collected by
TreacusT, 2002). However, little is known about the development ointerviewing the teachers and asking them to explain their plags (L
pre-service teachers’ PCK concerning this topic and influences @hd Lurt, 2008). The present study is using this research tool.

teacher course and practice school. CONTEXT AND RESEARCH QUESTIONS
BACKGROUND OF THE STUDY The present study was conducted in the context of a pre-service
Various scholars, elaborating on Shulman’s articles, have concdgacher education program Balikesir University, Turkey, that pre-

tualized different components of PCK. For instance;is and Neate  Pares secondary school chemistry teachers. The first part of the pro-
(1989) considered PCK as having three components: (i) knowledge @M covered courses on chemistry (seven semesters); the second part
students’ conceptions of subject matter, (i) knowledge of strategies fepvered courses on (chemistry) education (three semesters). The latter
teaching subject matter, and (iii) knowledge of shaping and elaboratiRg't was relevant to the present study. In this part, the pre-service
the content of teaching.dGHran, et al. (1993) described a model oft€achers took course units on general education and chemistry educa-
PCK that results from an integration of four components: (i) pedagogijon. In the eight semester, they also observed chemistry lessons at
(i) subject matter, (iii) student characteristics, and (iv) the environmefractice schools; in the ninth semester they began to teach classes
tal context of learning. Menusson et al. (1999) conceptualized five Supervised by their school mentors. Finally, in the tenth semester, the
components of PCK: (i) orientations toward subject matter teaching(€-service teachers taught in their ‘own’ classes for a period of three
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months (about six lessons per week). In addition, they took courbethis strategy, either the strategy of GDT or OIT can be incorporated.
seminars for sharing experiences and for reflecting on their teachingThe lesson plans, interview transcripts, and seminar discussions
practice. were analysed in a stepwise procedure. First, both lesson plans were
In the present study, pre-service teachers’ PCK refers to their teachargalysed by using the categories mentioned above. Next, the inter-
of the difficult topic of electrochemistry. According to the Turkishviews and seminar discussions were analysed by using the same set of
secondary school chemistry curriculum, this topic covers the issuesaategories. Then, the analysis results for the first lesson plan were
redox reactions, redox titrations, galvanic cells, and electrolytic cellsompared with the results for the second lesson plan to identify PCK
These issues are taught to grade 11 students (aged 16 to 17). Mdewelopment. Finally, the lesson plans were compared with the content
chemistry teachers in Turkish secondary schools usually prefef the teacher course textbooks and the school chemistry textbooks to
traditional teaching strategies such as presenting nearly all informatimtentify influences of the teacher course and the practice school. Data
to be learnt by the students and prescribing nearly all student activitiabout these influencing factors were also obtained from the interviews
In other words, teacher-centered strategies are dominarts@éLu &  and the seminar discussions.
SarikaYA, 1999). The study was guided by the following research To establish the content validity and reliability of the analysis, the
questions: first and second author separately analyzed the lesson plans and the
(i) What pre-service teachers’ PCK of teaching electrochemistry tomterview transcripts by using the same sets of analysis categories.
ics can be identified in the beginning of the teaching period in tigoth authors compared and discussed the individual analyses, aiming
school and at the end of this period? to reach consensus about the interpretation of the data.

(i) What influence of the teacher course and the practice school on thi
PCK can be identified? ﬁﬁ\lDINGS

PCK of using teacher-centered and student-centered teaching
METHOD strategies

Participants and procedure The teacher course textbooks paid more attention to the student-
. . . . . centered teaching strategies than to the teacher-centered strategies

The subjects involved in the study were nine pre-service teachers %e preceding section). However, the pre-service teachers reported in

females and 4 males; average age was 22). They individually prep course seminar meetings that their mentors mainly used teacher-

two 40-minute lesson plans for students of grade 11. This grade iS M iareqd strategies. An overview of the strategies used by the pre-

third year of the secondary school and is also the third year of lessongfi)ice teachers in the lesson plans is given in Table 1

chemistry but the first year of lessons in electrochemistry. Before the '

first lesson plan (written at the beginning of the ninth semester), the pre- Table 1

service teachers took course units on general education (teaching straty,, per.

. . h ; centered and student-centered teaching strategies in the lesson plans
egies, lesson planning, and so on) and chemistry education (school

chemistry textbooks, practical work, and so on). They also visited thélr Type of srategy () Preser vice teacher
practice schools to discuss and observe lessons of their mentors, but

lessons about electrochemistry were not observed or discussed. The First lesson plan  Second lesson plan
second lesson plan was written about seven months later, at the endr@icher-centered: ET 3,4,6,7 1,2,3,45,6,7,9
their teaching period. Between both lesson plans, the pre-service teadudent-centered: LCT (incl. GDT) 1259 -
ers took several follow up course units, for instance, the unit ‘misconStudent-centered: GDT and OIT 8 -
ceptions in chemistry’ that partly focused on students’ difficulties inStudent-centered: GDT - 8

understanding electrochemistry. They also taught several chemistry

topics, among them electrochemistry, in their classes. When prepariag g
both lesson plans, the pre-service teachers (referred to below as PT ?Eq
PT 9) were permitted to consult current school chemistry textbooks,
and they did. For preparing the first lesson plan, they had to choose
particular part of electrochemistry. The topics chosen were: willin
ness of metals to be reduced or oxidised (PT 1), half-reactions (PT

T = Expository Teaching; LCT = Learning Cycle Teaching;
= Guided-Discovery Teaching; OIT = Open-Inquiry Teaching.

8he pre-service teachers who prepared student-centered teaching
Sirategies for their first lesson plan (PT 1, 2, 5, 8, 9) argued, in general,
; : ey were influenced by the preceding course units on chemistry edu-
half-reactions and standard cells (PT 3 to 6), concentration effects i)gn. The pre-serviceyteachpers whogprepared the expository tgaching
cell p%telntlals (PlT ok r?nd electrolysis (PThS' 9?]' gor prekparlrr]lg th&rategy for the first lesson plan (PT 3, 4, 6, 7) argued, in general, they
secon hessonbpfan, the pre-service teachers had to take the sgfifs jnfluenced by observations of lessons of their mentors. They
topics chosen before. gﬁplained their observations by reporting that their mentors used teacher-

The pre-service teachers were interviewed individually about bofhupiereqd strategies because of their concerns of fulfilling the regular

lesson plans after the analysis of both lesson plans was finished (ab%{ool chemistry curriculum in time. Regarding the second lesson plan,

se pre-service teachers asserted another influencing factor: their
eriences with teaching in their own classes in between the first and
ond lesson plans. The latter factor was also reported by the pre-
vice teachers who changed from a student-centered strategy to-
wards a teacher-centered strategy. As one of them expressed:

four weeks after the second lesson plan). During this semi-structur
interview, they were asked to clarify the teaching strategies used 4
each lesson plan, to report how they take possible students’ learn
difficulties into account, and to explain differences between their firgl,,
and second lesson plan (as found by our lesson plan analysis).

Data collection and data analysis . . . .
; . . Since | realized that the expository teaching strategy was mostly used at the second-
The main research data sources consisted of written lesson plans, ary school where | went for my teaching experiences, | also tended to use this strategy
post-planning interviews, and course seminar discussions related to thewhen preparing my second pl4RT 1)
teaching experiences. All interviews and course seminar meetings were o . )
audio taped and transcribed. A further clarification was given by two of the pre-service teachers
Pre-service teachers’ PCK was analysed by using a set of folAT 2, 5) by saying that, because of their teaching experiences, they
analysis categories: (i) PCK of using teacher-centered and studef@alized that they would be able to provide more knowledge within the
centered teaching strategies, (i) PCK of presenting practical wogkven time limits through preparing the expository teaching strategy.
(teacher demonstrations and student experiments), (iii) PCK of The structures of the lesson plans including the LCT (incl. GDT)
presenting representations (drawings and schemes), and (iv) PCKSBRtegy were more or less the same. In the exploration phase of the
students’ difficulties in understanding electrochemistry. The strategié@arning cycle, the pre-service teachers used an experiment as a dis-
in the first category were described in terms of expository teachif@very activity. For instance, one of the pre-service teacher said:
(EI{)’I gu'd.Ed'd'Sclovery tﬁaCh"ﬂ%_l(_GDT?’ open-inquiry teachmgk (OI]:I'), A zinc-copper galvanic cell without an external circuit was prepared. Itis said to the
?hn tearﬂlng cycle ttea(;bmgk( th t).th ese Stratgglets Wﬁre tah en romdstudents that an experiment will be done but any knowledge is not given to the stu-
€ leacher course (extbooks that the pre-service teachers have US€lqents The two electrodes are connected by an external circuit with a voltmeter. Stu-
lpheefl—tf;{g;?gg Iasreco dn(esl‘li?]%?dasss;l?ggﬂfrc;gﬁtnet(raé%dlTVt\ggerLeCai tsrgfattgéi%ents record their observation and are asked to explain the deflection on the voltme-
- : ter.(PT5
includes mostly three-phases: exploration, invention, and application. (PT3)
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In the invention phasef the learning cyclethe pre-service A variety of drawings and schemes was presented. For instance, PT
teachers mostly started with asking questions to elicit student3’'wanted to explain the events in galvanic cells by presenting a drawing
interpretations of the observations and, thereafter, the core concepfts zinc-copper cell in the beginning of her first lesson. At the end of
and principles were addressed by giving a lecture. The same pteis plan, she wanted to test students’ knowledge by asking questions
service teacher as before said: related to a drawing of another cell, a nickel-silver cell. In her second
. ! . - lesson plan, she wanted to ask the same questions and to repeat the
Ifthere |s’fc1n electrlce_ll current, its reason is discussed byth(_e students. Afterct_)lle_c wing from her first lesson plan. PT 9 prepared the teaching of ‘elec-
students’ interpretations, information about the processes in the experiment is g'VﬁB'Iysis’ and, in the first lesson, she wanted to explain the events in an

(PTS) electrolytic cell by presenting drawings and schemes including infor-

In the application phase of the learning cycle, the pre-service teadhation at the sub-microscopic level (ions, electrons). _
ers asked the students to use their acquired knowledge in new situa® comparison of the lesson plans with the school chemistry text-
tions. For instance, PT 5 asked the students to apply their knowledgeb@pks used by the pre-service teachers showed that all drawings and
a particular zinc-copper galvanic cell for designing other galvanic cellschemes in the plans correspond a lot with drawings and schemes
The structures of the lesson plans including the ET strategy also giden in the textbooks.

many points in common. First, the pre-service teachers asked questipgk of students’ difficulties in understanding electrochemistry topics
aimed at leading the students to remember relevant prior knowledge. .
The lesson plans showed that the pre-service teachers rarely

Then, they used various teaching activities for facilitating students’ ' '~ N . - -
Iearni’ng. l¥or instance. one of the?n wrote: g identified students’ difficulties in understanding electrochemistry topics.

Only one pre-service teacher (PT 3) demonstrated any intention in her
The teacher explains the definitions of the concepts of half-reaction and galvanic sglicond lesson plan to check whether the students had any difficulties in
while drawing a zinc-copper galvanic cell on the black board. Students listen whimderstanding, however, no elaboration was given. The interviews
the subject matter is being taught, answer the questions being asked, and ask aphowved that four of the nine pre-service teachers (PT 1, 3, 7, 8) argued
anything that they do not understag@T 4) that they paid attention to students’ learning difficulties when writing
. . . . eaching goals for their second lesson plan.

Finally, the pre-service teachers asked questions i order to detéf a9 925° 0, paying attention to students’ difficulties in the first

mine whether the students understood the subject matter taught. ; caryi )
A comparison of the lesson plans with the teacher course textboigifsqn plans was explained by one of the pre-service teachers as fol

used by the pre-service teachers showed that all of them used on
more strategies given in these textbooks. The structures of the lesson| prepared my second plan after | had taken the course unit about students’ miscon-
plans including the strategy of LCT (incl. GDT) or the strategy of ET  ceptions in chemistry. | had no idea about this topic before. However, having taken the
corresponded a lot with the structures given in the textbooks. The struc- course lecture, | became aware ofRT 3)

tures of the lesson plans including the strategy of GDT and/or OIT were

not given in the textbooks. The impact of the preceding course unit on knowledge of students’

learning difficulties was also asserted by PT 1. In the interviews, an-

PCK of presenting practical work other influencing factor was also mentioned. Six of the nine pre-service
Six of the nine pre-service teachers incorporaieattical work in teachers (PT 1, 2, 4, 7, 8, 9) stated that they remembered the difficulties
one or both lesson plans. An overview is given in Table 2. in their own learning of electrochemistry, not only from their earlier
experience as school students but also from recent experiences as
Table 2 university students.
Teacher demonstrations and student experiments in the lesson plans Analysis of the interviews also showed that all pre-service teachers
answered the question about how to account for possible students’
Type of activity Pre-service teacher difficulties in understanding electrochemistry topics. Five of them (PT
- 2, 3, 6, 7, 8) wanted to enact teacher demonstrations or to offer student
_ _ First lesson plan Second lesson plan oy heriments. Four of them (PT 1, 4, 5, 9) wanted to prepare other topic-
Enacting teacher demonstrations 6 59 specific strategies, for instance, a pre-service teacher who prepared a
Offering student experiments 12,589 8

lesson on half-reactions and standard cells wanted to present a scheme
One of the pre-service teachers (PT 9) offered a student experimehi@ cell to counteract students’ conception that the identity of the anode

for electrolysis in her first plan, but she replaced it by a teach@nd the cathode depends on the physical placement in a cell:

demonstration in her second plan. When asked for the reason for this
change, she indicated time constraints. The same change in teaching
strategy was found in the lesson plans of PT 5 who prepared the teaching
of half-reactions and standard cells. However, this pre-service teacher
offered another explanation based on the type of teaching strategy thaf comparison of the suggested remedial teaching strategies with the
she had chosen: school chemistry textbooks used by the pre-service teachers showed

In my first plan, | used the learning cycle. When | was using the discoveryteachltrl?ggit nearly all suggestions were based on information in the textbooks.

strategy, | preferred to have a student experiment there. However, in my second flgONCLUSIONS AND DISCUSSION

| preferred to use a teacher demonstration because | was using the expositoryteachin{f,he findings abouPCK of using teaching strategidteacher-cen-

strategy. In other words, the strategy | used had impact on my choice for either a s - .
student experiment or a teacher demonstra(i.5) tered, student-centered) indicated that three patterns can be identified.

* Pattern 1: using student-centered strategy (LCT, incl. GDT) in the
A comparison of the lesson plans with the school chemistry textbookisst plan followed by a teacher-centered strategy (ET) in the second

used by the pre-service teachers showed that nearly all teackpéan (four pre-service teachers).

demonstrations and student experiments in the plans were adapted Pattern 2: using a student-centered strategy (GDT and OIT) in the

from practical work given in the textbooks. first plan followed by a revised student-centered strategy (GDT) in the

; . second plan (one pre-service teacher).

PCK_ of presentl'ng represenFatlons . .. * Pattern 3: using a teacher-centered strategy (ET) in the first plan
Five of the nine pre-service teachers incorporated representationgiid repeating this strategy in the second plan (four pre-service

This misconception can be prevented by writing anode and cathode on different po-
sitions. That is, writing each of them sometimes on the right side of a scheme, and
sometimes on the left sideT 4)

one or both lesson plans. An overview is given in Table 3. teachers).
) Table 3 A majority (five) of the pre-service teachers showed a development
Drawing and schemes in the lesson plans of this PCK category. Two main factors can be indicated in the begin-
- - ning of the teaching period: the teacher course and the mentor at school.
Type of representation Pre-service teacher The first factor caused a preference for student-centered teaching strat-

- egies, while the second factor caused a preference for teacher-cen-
First lesson plan Second lesson plan tered strategies. Neither factor was more dominant; each of them was

Drawing 3,79 3,4 related to about the same number of pre-service teachers. At the end of

Scheme 79 2 their teaching period, the most dominant factor influencing the pre-
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service teachers was their own classroom teaching experiences whickically, especially when preparing lesson plans, and to discuss the
prompted a preference for teacher-centered strategies among neagbults with their peers, their university supervisor and their school
all pre-service teachers. Their remarks suggest that they were caomentor.
fronted with the pressure of the expectations of their mentors and theirSecondly, in line with the former suggestion, it would be useful
classes to teach in the familiar way, that is, expository teaching, and tbeenhance the intensive and regular cooperation between supervi-
pressure to teach a topic within a short period of time. Finally, weors at school and mentors at school. These mentors could be
conclude that there a weak match between the teaching strategiedted to participate in teacher course workshops that are focused
mainly used in the schools and the strategies that are emphasized inothea number of different teaching strategies, especially student-
teacher course units. centered strategies. Other workshops could include the fruitful use
The findings abouPCK of presenting practical workteacher of student experiments, teacher demonstrations, and laboratory
demonstrations, student experiments) indicated that a majority (five)Janagement.
of the pre-service teachers showed a development of this PCKThirdly, we assert the importance for pre-service teachers to
category. This development includes the deletion of angievelop sufficient PCK of student’ difficulties in understanding
demonstrations or experiments (done by three pre-service teacherspject matter. In the teacher course, pre-service teachers could
or the replacement of experiments by demonstrations (done by tWwe asked to discuss articles about students’ learning difficulties
others). Deleting demonstrations or experiments can be influencadd how to take these difficulties into account. They could also be
by time pressure experienced after teaching in their own classroormsited to reflect on their own learning experiences as a student at
Replacing experiments by demonstrations can also be influenced dnhool and university. In the practice school, pre-service teachers
time pressure but to a lesser extent or can be related to the developrocentid be asked to analyze students’ response to written tests or
of PCK towards a teacher-centered teaching strategy. A minorityterview questions.
(four) of the pre-service teachers did not show PCK development.
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a gap between teacher course ‘theory’, (mainly emphasizing studewin oerVaik, T. & Broexman, H., The lesson preparation method: a way of investigating
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