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Abstract
This paper presents some of the results of a research project whose aim was

to study university teaching practice through a multidimensional construct1,
"Pedagogical Content Knowledge (PCK)", which synthesises and integrates
content, pedagogical and experiential knowledge of university teachers. This
concept was developed within the research programme called “Knowledge
Growth in a Profession: development of knowledge in teaching”, by Lee Shulman
from the University of Standford. Although this concept was thoroughly analysed
in different studies focusing on secondary teaching, studies in higher education
and an analysis of its potential to improve teaching quality at university level are
still lacking. Articulated methodically as a multiple-case study, this article focuses

(1) Project: “University professors´ professional knowledge: processes of construction and transference to the
teaching practice”. Ministry of Science and Innovation. Directorate General of Knowledge Transference
Programmes. NATIONAL PLAN R+D+I EDU-2008-05964-C03-01/EDUC.
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on analysing PCK manifestations evident in the teaching practice of three
university lecturers, highly recognised for their academic and pedagogical
expertise. Crossing data from a prolonged and systematic observation period with
those from the self-evaluation of educators’ own practices through in-depth
interviews, our results characterise one PCK component which up to now lacks
empirical data: the reflective-dialogic dimension. 

Thus, PCK is a multidimensional construct articulated into three large
dimensions: the genesis of student explanation needs and comprehension
expectations, the transformation of knowledge and the reflexive-dialogic
dimension. In this paper, we focus on the latter which, in our view, is the most
novel.

Keywords: Pedagogical Content Knowledge, Teaching Skills, Reflective
Thinking, Active Learning, Reflective Teaching.

Resumen
Este trabajo presenta algunos de los resultados de un proyecto de

investigación2 cuya finalidad ha sido estudiar la práctica pedagógica del
profesorado universitario a través de un multidimensional constructo que sintetiza
e integra los saberes disciplinares, pedagógicos y los experienciales de los
docentes universitarios: el Conocimiento Didáctico del Contenido (CDC). Este
concepto, elaborado en el programa de investigación “Knowledge Growth in a
Profession: development of knowledge in teaching”, impulsado por Lee Shulman
en la Universidad de Standford, ha sido ampliamente analizado en estudios
realizados en la enseñanza secundaria pero tanto su estudio en la educación
superior como el análisis de su potencial para la mejora de la calidad de la
enseñanza universitaria, son todavía escasos en la bibliografía. El trabajo que se
articula metodológicamente como un estudio de casos múltiple, se centra en
analizar las manifestaciones del Conocimiento Didáctico del Contenido en la
docencia de tres profesores universitarios reconocidos por su excelencia
académica y didáctica. Triangulando los datos procedentes de la observación
prolongada y sistemática con los de la valoración que ellos realizan de su propia
práctica mediante entrevistas en profundidad, nuestros resultados caracterizan
uno de los componentes del CDC del que hasta ahora disponíamos de escasa
información empírica: la dimensión dialógico-reflexiva. Se concluye que el CDC
es un constructo multidimensional que se articula en tres grandes dimensiones:
la génesis de necesidades de explicación y expectativas de comprensión en el

(2 Proyecto “Conocimiento profesional del profesorado universitario: procesos de construcción y transferencia
a la práctica docente. Ministerio de Ciencia e Innovación. Dirección General de Programas de Transferencia
de conocimiento. PLAN NACIONAL DE I+D+I EDU-2008-05964-C03-01/EDUC.



alumnado, la transformación del saber y la dimensión dialógica reflexiva. En este
trabajo nos centraremos en la segunda de ellas que a nuestro juicio es la más
novedosa.

Palabras clave: Conocimiento Didáctico del Contenido, Habilidades de
enseñanza, Pensamiento Reflexivo, Aprendizaje Activo, Enseñanza Reflexiva. 

Study topic

Studies on the professional knowledge of teachers are today a
consolidated research area at compulsory educational levels (Gess-
Newsome, 1999; Abell, 2008). However, in higher education few studies
have focused on analysing how the relationship between disciplinary and
pedagogical knowledge of university teachers are articulated and
presented during the teaching process. 

It is true that since the launching of the European Higher Education
Area (EHEA), there has been a considerable increase in higher education
studies focusing on teaching practice. There are some interesting papers
on teaching strategies that take into account the learning styles of
students (Bowden and Marton, 2012), or teaching skills as metacognition,
problem solving or academic writing (Pozo and Pérez, 2009) or teaching
based on skills (Rue, 2007) for example. However, few studies have
explored how university teachers perform what Chevallard (1991)
referred to as didactic transposition: the process by which the disciplinary
content is reorganized and transformed taking into account the students,
the curriculum and the context. An essential skill to be able to adapt
university teaching to the EHEA requirement of creating student-centred
teaching. While we are beginning to see some publications focusing on
the thought-process of university teachers (Hativa and Goodyear, 2003),
on identifying what constitutes a “good teacher” (Bain, 2006) or on
effective university teaching (Knight, 2005), we know relatively little about
the process whereby university educators transform their understanding
of their disciplines or subject matter into pedagogically useful teaching
practices.

University lectures do not teach their subject matter in the same way
as they learnt it, or as it is understood by specialists or researchers in any
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given field (Groth, 2013). While knowledge of the discipline in question is
an essential requisite for university teaching, this in itself offers little insight
on how this content could be made understandable to students: a good
scientific theory is not necessarily a good pedagogic theory. What occurs
is that the teacher transforms, adapts and rebuilds this knowledge into
didactically effective methods. This transformation is achieved through
Pedagogical Content Knowledge (PCK). This multidimensional construct
proposed by Lee Shulman (1987) shall be the focal point of this study.

Background and theoretical foundation

PCK is knowledge gained with practice and through practice by means
of a process of organisation and transformation and which comprises
understanding what it means to teach a particular topic as well as the
principles, techniques and ways to represent that content didactically
(Abell, 2008). It is a specific knowledge that teachers gain on how to
teach a particular subject to a group of students with the aim of fostering
comprehension and skills acquisition. It is slowly gained over a long
period and is considered by some authors as a characteristic of expert
teachers (Loughran, Mulhall and Berry, 2008). It translates into an ability
to understand all levels and forms of the subject, so that teachers can
then make it understandable to students (Shulman, 1987). It includes
understanding the discipline both at syntactic (the research processes for
each discipline) and substantive (the facts, phenomena, concepts,
theories, models and paradigms of each discipline) levels. It also implies
knowledge of its position within the curriculum, how it relates to other
subjects and elements that would enhance or impede students’ learning
and their preconceptions (Evens, Elen and Depaepe, 2015).

Studies on PCK have focused on both its conceptual characteristics
and empirical manifestations. The former, and clearly the majority, have
allowed its constitutive elements to be identified. Thus, Smith and Neale
(1989) describe PCK as a multidimensional construct comprising three
components: content knowledge, knowledge of student errors in
understanding the subject and knowledge of teaching strategies.
Grossman (2005) defines four PCK domains: knowledge of students’
understanding and representations of the content and their learning
difficulties, knowledge of the curriculum, knowledge of strategies and
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specific representations of the topics to be addressed and knowledge and
beliefs about the purposes of teaching the subject. To these, Gess
Newsome and Lederman (1999) have added context knowledge (cultural,
curricular, etc.). 

Hlas and Hildebrandt (2010) suggest that these elements operate in a
«synergistic» manner in the classroom where disciplinary and pedagogical
knowledge exist independently and act, during classroom work, by
engaging with each other in the sense that they support each other in
the context of a functional whole. Thus, the disciplinary and pedagogical
components of PCK can be developed separately only to be later
«integrated» during classroom work.

Beyond the conceptual analysis of the construct, another group of
studies have focused on its empirical manifestations. Albeit with a clear
predominance of research focusing on non-university education (Berry,
Loughran and Van Driel 2008; Drechsler and Van Driel 2007), recently some
studies have started to appear concerning higher education. García Oropeza
(2009) demonstrates the multidimensional nature of PCK in teaching
differential calculus to Economics students; Váquez et al. (2012) offer
evidence of the reflexive nature of PCK in teaching Law, and the paper by
Backes, Medina and do Prado (2011) focuses on the teaching of Nursing,
demonstrating episodes where educators use their PCK to mediate between
the knowledge of clinical expert nurses and that of their students. 

Some of these studies provide evidence of a poorly studied dimension
of this multidimensional construct: the dialogic component (Yang and
Carless 2013). There is general consensus that the development of PCK
is directly linked to teaching practice and a reflection on this practice
(Acevedo, 2009). In other words, both its origin and target is the action
carried out in the classroom. However, despite this widespread consensus
among the academic community, relatively little is known about the
relationship between the reflexive and dialogic processes that occur
during the teaching activity in the classroom and the disciplinary and
pedagogic components of PCK. Hence, this is the aim of our research.

Design and methodology

Since PCK is essentially «practical-personal» knowledge, its study calls for a
strong phenomenological methodological approach which would allow an
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evaluation of teaching practices through the eyes of its protagonists. The
multiple-case study (Stake, 1998) was shown to be the most suitable option. 

Participant selection and field work

We selected university lecturers commended by their peers for their
outstanding academic background, their commitment to continued
improvement and teaching innovation, as well as consistently achieving
good student learning results. Furthermore, they are recognised by their
students as «good teachers». Like Loughran, Mulhall and Berry (2008), we
believe that highly recognised teachers have highly developed PCK, and
are thus the most appropriate for us as we endeavour to document and
formalise this construct.

The study participants were selected based on the results of a
questionnaire drawn up by the researchers which was completed by 90
experienced teachers, plus an analysis of student opinion polls from eight
faculties3 at the University of Barcelona. The final study included three
lecturers who, according to our data, possess a thorough knowledge of
their respective subjects and are recognised as highly competent teachers
by their students.

The first lecturer is from the Faculty of Physics who has over thirty
years’ teaching experience, the second from the School of Nursing also
with over thirty years’ experience and the third from the Faculty of Law
who has been teaching for over twenty years. Teachers were selected from
different knowledge fields as there is evidence to suggest that teaching
approaches vary depending on the disciplinary field; in other words, the
specific ways of thinking among disciplines strongly influences teaching
practice (Lueddeke, 2003).

Data collection and analysis strategies

The main data collection strategies were non-participant observation (81
hours), memory-stimulating interviews with teachers (two interviews per
teacher) and three group interviews with students. 

(3) Law, Economics and Business, Nursing, Pharmacy, Philology, Physics, Dentistry and Psychology.



The course content subjects observed were «Foundations of Mechanics»
(Physics), «Medical-Surgical Nursing II» (Nursing) and «Commercial Law»
(Law). One or two members of the research group and a technician
responsible for the video-recording attended the classroom sessions. The
classes were conducted basically via oral presentations by teachers with
quite high level student interaction. On average, the classes observed
were attended by between 30 and 50 students.

After a two-month observation period, we proceeded to conduct the
in-depth interviews. The interviews were conducted when the data
obtained in the observations began to become saturated, barely
contributing any relevant innovative data to the research. 

We conducted two types of interviews: the initial biographical-
professional interview followed by the practice analysis interview with
memory stimulation. With the first, information was obtained about the
professional background of the three teachers which enabled us to find
out about the learning process in becoming a university teacher. With the
second, we were able to contrast and/or corroborate interpretations that
the research team had made while observing the teaching activities, with
the meaning that teachers and students had attributed to them. For this
interview, we presented some recorded segments of the class to the
teachers; sections which seemed to provide elements of analysis relevant
for the purposes of our study. These segments shaped the interview script,
which was given to the teachers in advance. 

The group interviews with students (between 4 and 5 students per
area observed) were conducted at the end of the observation period with
each of the participating teachers. The questions presented to students
responded to the research objectives and various points which emerged
in the preliminary analysis of the information obtained during the
classroom observations. 

The data analysis was conducted using constant comparative method
as proposed by Glaser and Strauss (1967). This is a generative,
constructive and inductive method in which the inductive coding of
categories is combined with constant comparisons. The ultimate goal of
this analytical method is the inductive generation of theoretical constructs
that together with the thematic cores and categories construct a
conceptual framework that subsumes all aspects of the reality studied
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and assigning to them a new sense and meaning. Thus, we were able to
identify similarities and differences between the various phenomena that
appeared during the fieldwork and this allowed us to define the basic
properties of the categories as well as clarifying the limits and
relationships between these. To develop the operations for the recovery
of the units of meaning, comparison and construction of the final matrix,
qualitative data analysis software -Atlas-ti (v. 6.2)- was used.

Results

Once the process was complete, we obtained three large dimensions
which, according to our data, capture the complex nature of PCK: the
genesis of explanatory needs and expectations of understanding in
students, the dialogic-reflective dimension and the transformation of
knowledge. These dimensions (along with the categories making up
these) are defined in the following table:
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TABLE 1. Empirical PCK dimensions of the three teachers
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In this paper, we present evidence that correspond to PCK-reflective
dialogic dimension which in our opinion is the most innovative. 

The reflexive-dialogic dimension 

We will now illustrate the strategies we observed in the classroom which
were based on dialogic processes aimed at generating student
comprehension hypotheses4 or new proposals for redefining the content.
These strategies point to the teachers’ ability to focus their attention, in a
floating manner, on both students’ ideas and on their own categorical
framework. Due to their didactic importance, we highlight moments when
teachers paid particular attention to their own introspective reflection.
They often explained this to their students but on other occasions these
moments of reflection served the educators to reorganise their action as
they continued to teach. 

The notation system used to present the results includes an
alphanumeric reference through which we identify the teacher (T1:
Physics, T2: Nursing and T3: Law). Also, “I” refers to interview, “O”
Observation and “SI” refers to the extracts from the student interviews. 

Reflexive dialogue as an explanation of pedagogical reasoning 

Reflexive dialogue is a strategy used by a teacher to clarify the
pedagogical procedure with which s/he is working. It does not consist
merely of informing the student of what the teacher is doing (the task),
but also the process (how s/he is doing it) and the rationale for the
decisions that guide the intervention (why s/he is doing it). Let’s look at
one example from the Physics teacher: 

O3. T1. 
T: Ok, what I want to do is to establish a relationship between one
thing and the other. How can I do this? Well, if I write vector v (i.e.
velocity) of p observed in o, but in terms of vector r. But I am not

84) Any intervention by a student, be it a statement or a question, reveals to the teacher how students are
trying to assign meaning to the content (from their previous knowledge) in order to make sense of it. In
this study, it was verified that these ideas and representations elaborated by students were the «raw material»
with which the teacher operates.



going to derive this equation with this vector r, but with this other
vector r. Because they are the same. So, instead of r measured at o I
can choose prime r measured at prime o. It’s the same vector. So now
I will write the derivative formula for this. 
In this case, verbalising what he is doing while doing it helps the

teacher to organise his thoughts and to make the cognitive operations
performed to solve a physics problem understandable. 

We see how this model of the teacher’s reasoning also becomes an
essential teaching content:

I1. T1: “Yes, I think this is a natural way to conduct the class. It helps
me to reason, while I’m writing or developing the equation, explaining
my reasoning out loud helps me to see the logical sequence. This same
sequence that I would follow in my mind, I explain it verbally. Another
point is that it helps identify a suitable reasoning time, and this forces
you to adopt a certain pace; a pace that I consider appropriate for me
to explain and for students to understand”.
This form of reflexive dialogue is sustained in the teachers’ ability to

reflect on their own scientific reasoning. Here the teacher has «distanced»
himself from the reality of the classroom to «dialogue» with his own
thinking, taking it as an object of analysis while at the same time showing
it to the students. Thus, he verbalises the cognitive operations which he
conducts in order to understand a notion or meaning of a mathematical
calculation. This «thinking out loud» offers students a model of expert
reasoning: 

I1. T1: “Students are offered a way of thinking that could serve as a
model. I mean, I offer them a model of reasoning or mental
construction. They may very well have their own way of doing it: there
is more a visual way of thinking, or a more analytical thinking... but I
show them my way of thinking and I am sure that it may be useful to
some”.
This is a practice which students rank with a high level of satisfaction:
I1. S2: “Being able to see how he does it, I think it is a good idea as it
forces you to see your own errors…” 
But reflexive dialogue also displays a dimension that directly affects

students. As shown below, teachers deploy interactive and dialogic
strategies which, through asking questions, force students to develop their
own thinking as an object of analysis and reflection. 
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The following two extracts show that when students respond to the
questions raised by the Nursing and Legal educators respectively, the
latter respond with a new and eminently more reflexive question: “Why?”
and “What does this mean?”:

O4. T2.
T: I have a question: “From these functions that I have mentioned, do
you think that there is one (or more) which is more critical than the
others?”
S: Yes (several students respond simultaneously).
S1: Cardiac. Cardiocirculatory.
T: Cardiocirculatory. Very good. Why?
O6. T3.
T: A person constitutes a single-shareholder company. Why not act

directly as a sole trader? (…)
S1: To cover himself economically.
T: What does it meant to cover economically?
As may be observed, at this point the students to whom the question

is put exercise a reflexive process in which their own thinking becomes
the object of scrutiny – students are often unaware of this. This may be
explained as follows. These reflexive questions posed by teachers require
that each student examines his/her own thinking, but especially the ideas
and concepts they have just formulated. Now, in a more conscious
exercise, they are forced to examine the dimensions and theoretical
and/or empirical properties of those ideas and seek in their previous
knowledge the basis, arguments or premises that would support their
initial response (first student) or ideas that would allow them to explain
in other words what they had already said (second student). 

We define this discussion raised by students as their «comprehension
hypothesis.» From our point of view, these hypotheses reveal to the
teacher how students are trying to assign meaning to the content (from
their previous knowledge) in order to understand it. These hypotheses
act as exploratory probes that students emit to check their provisional
understanding of the topic being addressed by the teacher. These ideas
developed by students are the «raw material» with which the teacher
works: 

I1. T2: “I want to know if they have clearly understood why respiratory
and cardiocirculatory functions are more critical than others. If it is
not clear, I will have to clarify this because it is a fundamental point:
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essential to the understanding of these three concepts that I have
mentioned: the critically ill patient, accident and emergency”.
The reflexive dialogue concludes when the teacher’s answer helps the

student to construct appreciations that go beyond their initial
understanding of the question being addressed.

The didactic interrogation or “how to teach by asking questions”

The teachers we observed frequently entered into dialogue with their
students by asking questions, with these questions taking on several
different formats due to the diversity of the underlying aims of such
questions. 

In the following excerpt, together with her questions, the Nursing
educator offers various clues to help students construct an appropriate
response regarding clinical manifestations in critically ill patients during
early disease stages: 

O2. T2.
T: Now I will explain the situation: We are in A&E and are presented
with a critically ill patient. Blood tests are conducted. What would we
expect to see in the results?
S1: Hyperglycaemia.
T: Why? 
S1: Because glucose levels would be high...
T: (Points to the word “glucose” on the board). Very good.
T: Look (points on the board). Blood glucose levels are increased.
Therefore, hyper... what? 
S2: Hyperglycaemia.
T: Now we have one piece of data. What would we expect to see
regarding potassium? What would the potassium levels be? 
S3: They would tend to decrease. 
T: To decrease. Tendency towards hypokalaemia. Very good. After a
few hours, we could even see this by observing a specific clinical data.
Shall I give you a clue? Down here (points to some written text on the
board). 
T: A clinical symptom?
S4: Oedema... 
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T: Very good. Tendency towards oedema. So, let’s look at what we
would expect to find in these patients: hyperglycaemia (encircles the
word hyperglycaemia on the board). What else? 
S3: Hypokalaemia
T: Very good. (Circles the word hypokalaemia that was already written
on the board). 
It is important to emphasise that for this teacher these responses

should take the form of deductive reasoning. An essential skill in the
formulation of relevant professional judgements (clinical in this case):

I1. T2: “I first explained and pointed out on the board the
pathophysiology of stress response phases in critical patients. Then,
with these data written on the board, I wanted students to deduce the
clinical and laboratory manifestations (blood results) to be found in a
critically ill patient in A&E. I help them with this process by asking
questions”. 
Some of the questions that teachers formulate are intentionally aimed

at eliciting a certain response. This can be seen in the following passage
where the Physics teacher tells the student that the answer given was the
answer he was looking for:

O3. T1. 
T: [...] acceleration is the speed of velocity, or the velocity of velocity.
Therefore, it is a time equation which indicates the rate at which
velocity changes. And as the velocity of speed is the rate of change of
position, we can write it in this way. In other words, that r’’ is the
second derivative of e. We could still define the rate of change of
acceleration. If acceleration is not a constant but varies over time, we
can define its rhythm; give it a name, etc. Have you ever wondered
why this is not usually done? In secondary school you basically
reached acceleration and went no further... Have you ever thought
why? 
S1: Because in a normal trajectory equation, time does not usually take
a higher degree than two or three, then there is often no change of
acceleration. 
T: Very good! This would be one aspect. Can anyone give other
reasons? 
S2: It could be that in the world force depends on... that is, is
supported in acceleration. So [...] the force varies. 
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T: Do you like this answer? This is the answer I wanted. Yes indeed.
Not just yet, but I will soon introduce Newton’s Second Law, which
explains that force is proportional to the acceleration. 
The teacher corroborates that this was the answer he was looking for

and explains why he posed the question:
I1. T1: “I was looking for something very specific, when I asked the
question this is exactly what I sought. The answer from student 1,
although it may be somewhat true, it is vague and does not go directly
to the root of the matter that acceleration is linked to force and this is
precisely what student 2 said. (…) This question was aimed directly at
introducing Newton’s Second Law, which would be introduced within
a week. “Yes, I wanted them to connect kinematics with acceleration,
with force”.
This attempt to promote the students own «discovery» of the correct

answer sometimes evolves into a type of dialogue in which the
«interrogation» is intertwined with the «reflexive dialogue». This can be
seen in the next excerpt in which the Nursing educator formulates a
question about the risk of bleeding during a transpubic surgical
intervention. Then, with a series of questions and answers, the educator
guides and accompanies students’ thinking and reasoning towards the
discovery of the ideas that the educator wishes to impart. More
specifically, the aim is that students link the risk of the bladder catheter
being obstructed with clots with the three litres of fluid to be infused
over 24 hours:

O8. T2.
T: Ok, this patient has undergone a transpubic surgical intervention.
Do you think there is a risk of haemorrhage, or not, with this type of
intervention? 
S1: In theory, very little. 
T: But is it possible?
S: Yes, there would be bleeding (Several students respond
simultaneously). 
T: Yes, as with all surgery. Therefore, you say that prescribing glucose
500 ml every 8 hours and saline 500 ml every 8 hours is to rehydrate
the patient. Right?
S2: To restore blood volume.
T: To restore blood volume, to hydrate the patient. Yes. But how many
ml are to be administered?
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S3: 3000… 1500 and 1500.
T: So are 3000 ml necessary?
S2: Depends on how much fluid was lost.
S1: If the patient spent four hours postoperatively without liquids,
rehydration is necessary.
T: And don’t you also think that it might be necessary for other
reasons? Look here. It says here (pointing to the handout available to
the entire group): patient has bladder catheter…Urine will drain out
through this, but what else? 
S: Medications. Urine and blood.
T: Urine and blood (raising tone). And we know of the risk of blood
clots. Therefore these three litres also serve...?
S: To hydrate, and to flush...
T: To flush (affirming emphatically). From the kidneys downward. So
we are flushing the entire area of the bladder and urethra. Hence,
these three litres also serve to flush the catheter and prevent clots from
occurring, in addition to hydrating. 
A truly Socratic dialogue of which the educator was well aware, and

in which the direction of the learning was guided through a series of
questions and answers, thanks to which students’ thinking was guided
towards the discovery of the ideas that the teacher wished to demonstrate.
These dialogues constitute an educational resource of the highest quality
since, as we observe in this episode, they «steer» students towards the
situation that the teacher wanted to achieve:

I1. T2: “Through these questions that I pose, I gradually introduce the
idea that the administration of fluids serves various purposes and in
the specific case of a patient having undergone a radical prostatectomy
via a retropubic surgical technique, I want students to realize for
themselves the importance of flushing the blood remaining after
surgery by increasing the flow of large volumes of urine as well as the
bladder flushing as prescribed. And increasing the flow of a large
volume of urine means that large volumes of fluid must be
administered to the patient”.

The didactic interpretation: the teacher as a knowledge mediator

So far we have demonstrated some of the dialogic methods through
which teachers guide their students’ reasoning, investigate their previous
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knowledge or foster processes of understanding through dialogic
synthesis. All these teaching activities are encapsulated in what McEwan
and Bull (1991) refer to as «didactic interpretation». But, unlike these
authors who place this notion exclusively within the order of the teachers’
explanation, we expand it beyond this towards the scope of the verbal
interactions between the teacher and student because, according to our
data, the didactic interpretation can also refer to the ability of the teacher
to interpret the beliefs that the students have in terms of understanding
of the subject (what we call the comprehension hypothesis). The next
excerpt illustrates some examples of this specific teaching skill. 

In this Physics class, the teacher detects some confusion (an incorrect
premise) in a poorly worded question by a student and tries to rectify
this. The teacher instantly in his reply develops a line of argument that
leads precisely to the equation that the student had sought:

O4. T1.
S1: Can I ask a question? 
T: Yes, please go ahead.
S: If we have the relation between acceleration and position, and we
are given the initial speed, could you explain how we find the speed? 
T: Give it to me again... we are given? 
S1: We have the relation between acceleration and position. 
T: The «a» «x» equation. 
S1: And the relation between acceleration and… 
T: But there is no relation between a and x, a is constant. There can
be no functional dependence between a and x, a is a number.
Therefore, there is no (...) Now (the teacher stops on way to board),
perhaps what you had in mind was if you could remove time from
these two equations, so that you could directly relate position with
speed, considering that the acceleration is fixed, without time
appearing between these. It would be eliminating time, which is a
parameter in these two equations. And so we reach this expression
which you learnt in secondary school that relates speed and position
without the interference of time. And which is also characteristic of
uniformly accelerated rectilinear motion. 
S1: This is the (equation) I meant.
T. This is the one you wanted, no?
As seen in this episode, the lecturer «interprets» the student’s

comprehension hypothesis, and correctly infers the intentionality of the
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question that was so confusingly worded. But what was in the student’s
question that led the lecturer to identify the equation that the student
sought? To get to know what the student sought, the lecturer resorts to
his knowledge about what students understand about the subject matter,
in this case their notions about mechanics that they would have
presumably acquired at secondary school:

I1. T1: “Regarding this topic, secondary school books and those of the
first years at university derive –as well as those that I had already
derived in a class – another equation. What they do is they remove
time from the relationship of speed and time and from the relationship
of acceleration and time and they obtain a relationship that links speed
and acceleration for a particular type of motion. But to me this seems
incidental because, as demonstrated in class, you can do this in five
minutes on paper and there is nothing conceptually new. It is a pure
mathematical exercise. This was why I did not consider explaining it.
But of course they knew it, and at this point they remembered it being
explained at secondary school. So this student, very hesitantly asked
«but could you not do such and such?» And then, I immediately saw
where he was going and knew he was asking about this third
equation. The student’s question was very vague, but it was not totally
unfamiliar».
This answer indicates the educator’s capacity, in the face of student

confusion, to identify where the question is leading, and what the
student’s poorly expressed learning need was. The Physics teacher
responds to the complexity confusing the student in what appears to be
a simple and spontaneous discourse. The teacher’s expertise is evident in
his selective management of poorly expressed data, in his ability to
establish where the student’s question is leading, and his ability to
maintain the fluidity of the student’s ideas and understanding and his
knowledge of the discipline without interrupting the flow of the class.
Obviously, this skill is encapsulated in a thorough knowledge of the
subject matter.

But this didactic interpretation would be impossible without a process
of reflection on the teacher’s practice. Indeed, to develop such a relevant
and pedagogically effective response, the educator had to examine his
introspective reflection allowing him to reorganise his teaching activity
while actually teaching. 
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In the next episode, this floating attention allows the Nursing educator
to identify a misconception in a student’s argument (on the concept of a
clinical manifestation) and its subsequent clarification:

O12. T2.
T: First question. What are the most common clinical manifestations
presented by patients with prostate adenoma? 
S1: Increased prostate size, narrowing of the urethra...
T: Let’s see. Wait. We are looking for «clinical manifestations». What
was the first thing you said?
S1: Increased prostate size, well, that it is enlarged, right?
T: But is that a clinical manifestation? 
S1: Well... that’s what I read in the notes (laughs).
T: Of course... but don’t tell me that. Because... “What is a clinical
manifestation?”
S1: I suppose that as it is enlarged it must cause pain or...
T: Exactly. How does it manifest, it what way? 
S1: With pain.
T: We cannot see with the naked eye if the prostate is enlarged, but...
How do we know if the prostate gland is becoming enlarged? Just as
you have said. Because this would cause pain, and this is the
«manifestation» of an enlarged prostate. 
Here we see how the teacher is constantly relating what the students

say with the course content. Thanks to this dual vision, the educator
intuits that the student’s statement on the «enlarged prostate» is based on
a misconception or lack of knowledge of the meaning of the concept of
clinical manifestations (signs and symptoms that occur in a particular
disease):

I1. T2: “This intervention tells me that this student is unclear about the
concept of clinical manifestation and I prefer that students think and
reflect for themselves in order to reach the correct definition of this
concept instead of me giving them the definition. So to help this
process, I ask a few questions.”

Discussion and conclusions

The theoretical framework of this study is based on the existence of a
dimension of PCK that is only scarcely studied in university teachers: the
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reflective-dialogic dimension. Our results, which corroborate those
obtained by Chan and Jung (2015) and Aydin and Boz (2013), allow us to
confirm that this is one of the core dimensions of PCK. This dimension
allows us to explain and better understand the didactic efficacy of this
multidimensional construct. 

However, regarding the type of relationship between the disciplinary
and pedagogical dimensions of PCK, our data partly coincide with and
expand on the results of other papers including that by Hlas and
Hildebrandt (2010) and de Gess Newsome and Lederman (1999) who
suggest that these two dimensions function in the classroom in a
«synergistic» manner, in which disciplinary and pedagogical knowledge
exist independently and act, for teaching activities, by supporting each
other. Here, the disciplinary and pedagogical components of PCK can be
developed separately, during teacher training for example, only to be later
«integrated» during classroom work. However, this is a somewhat static
vision, in our opinion, a mere juxtaposition of the relationship between
disciplinary and teaching knowledge that make up PCK. Our data indicate
that these two dimensions also exist due to one another in the sense that
one produces the other in an intricate web of dynamic rather than static
relations. This systemic approach suggests that PCK is an «amalgamation»
or fusion of both disciplinary and pedagogical knowledge in which the
boundaries separating them are blurred: knowledge which is an amalgam
of pedagogy and subject matter.

We, on the other hand, believe that this comprehensive and integrated
concept of PCK is productive, because by not separating the research into
the disciplinary content and didactic teaching strategies results are
attained that are generally welcomed by university teaching staff, avoiding
«educational methodologies» which has done much to alienate didactic
research in higher education.

Corroborating with those from Veal and Makinster (1999), our results
tend to lean more towards a systemic and relational concept for PCK.
Disciplinary and pedagogical knowledge appear in the classroom
amalgamated, simultaneously (but with different degrees of explicitness)
and uninterruptedly. We have frequently observed in our study how
teachers, when interacting with students, go beyond their own
understanding of the subject matter to capture how students are correctly
understanding (or not) the topic that is being explained. Knowledge
sustaining this skill cannot be solely that of the subject matter itself. The
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teachers observed were able to appreciate in situ how relevant student
interventions were: a true dialogic and reflective skill that allowed them
to gauge and diagnose students’ knowledge in terms of «understanding
the subject» while continuing to teach. Through immediate feedback and
based on this in situ assessment, teachers effectively help redefine
students’ understanding of the topic being addressed. This «didactic
interpretation» is sustained on the ability of teachers to maintain a floating
focus on both students’ ideas and understanding and on their own
knowledge, without interrupting the flow of the class. This dialogic
process involves a type of mental connection between teacher and student
- a joint action through which the teacher intentionally enters the
student’s psyche to discover the «learning moment» and thus provide
feedback depending on the student’s intervention.

Limitations and prospects

Some limitations of this study should be highlighted so that the results
can be interpreted appropriately. Firstly, although we understand the PCK
structure as dialogic rather than monologic and that as practical
knowledge its study requires focusing on it temporal and relational
dynamic, in this paper we have been mainly concerned about its «internal
dialogicity» or self-referential, in other words, in the re-presentation
(reconstruction) of this knowledge from the teacher’s story. Secondly, as
a consequent of the above, we have not delved too deeply into the
importance of its «external dialogicity», in other words, both the co-
starring role of student contributions in its genesis and deployment as
well as its actual impact in student learning. Hence, PCK should be
studied in relation to the students’ discourse and their learning.

But our results also point to some potential transferences for university
teacher training. More specifically, given their high impact on student
learning, didactic interrogation, reflective dialogue and didactic
interpretation could well be converted into «skills» to be intentionally
nurtured in the training programmes for university teachers. The
availability of diverse audiovisual evidence regarding its deployment and
knowing the didactic intentions that support its functioning in real
classroom situations would greatly facilitate its transformation into the
subject matter for the training of future university teachers.
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