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Tabel 1. A summary of the different customs of using the term ‘hypothesis’ in four cultural
institutions relevant for science teacher education.

Cultural Institution Customary use of ‘hypothesis’

©CoO~NOUTA,WNPE

1. Scientific research ‘Hypothesis’ refers to a tentative explanation, from which
predictions can be derived, and that connects to a more
12 comprehensive theoretical framework.

14 2. Pure science courses The term ‘hypothesis’ is not commonly used or discussed
in laboratory tasks and inquiry oriented activities.

18 3. Science education ‘Hypothesis’ means a guess about an outcome, and is
19 courses for teachers frequently used (but not discussed explicitly) in laboratory
20 tasks and inquiry oriented activities.

4. School science ‘Hypothesis’ means a guess about an outcome, and is
24 frequently used (but not discussed explicitly) in laboratory
25 tasks and inquiry oriented activities.
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The Uses of the Term Hypothesis and the Inquiry Emphasis Conflation in Science Teacher

Education

Abstract
This paper examines the use and role of the term ‘hypothesis’ in science teacher education as
described by teacher students. Data was collected through focus group interviews conducted
at seven occasions with 32 students from six well known Swedish universities. The theoretical
framework is a sociocultural and pragmatist perspective on language and learning,
introducing the notion of pivot terms to operationalise language use as a habit and mediated
action. We describe three different customs of using the term ‘hypothesis’ within four cultural
institutions that can be said to constitute science teacher education in Sweden. Students were
found to habitually use the term hypothesis as meaning a guess about an outcome. This is
contrasted to the function of this term in scientific research as a tentative explanation. We also
found differences in how this term was used between the pure science courses given by the
science departments of universities and science education courses taken only by teacher
students. Findings also included further support for school students hypothesis fear reported
in an earlier study. It is discussed how these findings can obstruct learning and teaching about
the nature of scientific inquiry. Constructivist theories of learning are suggested as a possible

origin of these problems. The findings are also related to curricular reform and development.

Introduction
In the current debate on curriculum development in science education, two notions stand out:
scientific literacy and inquiry. Scientific literacy has been discussed in depth by Roberts
(2007) who distinguishes between what he calls Visions I and II of curriculum aims in science

education. Simply put, Vision I involves an emphasis on science as a body of knowledge in its
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own right, whereas Vision II puts an emphasis on science as a part of human culture and
society at large. In either case, for someone to be scientifically literate, an understanding of
scientific inquiry is fundamental. That is to say, an understanding of how scientific
knowledge about the world is generated through processes of scientific investigation.
However, despite many reform efforts teachers continue to be unclear about the meaning of
inquiry in science education (Anderson, 2007; DeBoer, 1991). In part this may be due to the
fact that the term inquiry is used to refer both to a pedagogical strategy for teaching science,
and as a content for students to learn (Bybee, 2000). The educational goals associated with
inquiry as a content have been described by Lederman (2004) as learning to do inquiry and
learning about inquiry. It is learning about inquiry that is arguably the more important goal for
the advancement of scientific literacy.

Learning about the nature of scientific inquiry (NOI) includes many dimensions. One
important dimension can be for learners to understand the basics of hypothesis testing through
the use of controlled experiments. The method of controlled experiments is central in many
natural sciences, but it is not the equivalent of ‘the scientific method’ (Beveridge, 1961), and
many scholars agree that this notion seriously misrepresents science (Rudolph, 2002;
Windschitl, 2004). In fact, learning about the method of the controlled experiment may be an
important step in understanding that this is one particular type of method used in science. In
the present study we focus on the use and role of hypotheses in science and science education
as an important sub-dimension of learning about scientific inquiry.

We have in a previous study described teachers’ selective traditions in relation to
scientific inquiry in secondary schools (Gyllenpalm, Wickman, & Holmgren, 2010). Our
results indicated that teaching activities that teachers describe as being inquiry-oriented are
not explicitly connected with a targeted knowledge in terms of learning about inquiry. This is

problematic, as it has been shown that an understanding of the nature of scientific inquiry is
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not gained merely by participating in inquiry activities, but that these issues must be
addressed and reflected upon explicitly (Lederman, 1999; Schwartz, Lederman, & Crawford,
2004; Windschitl, Thompson, & Braaten, 2008a). In analysing the tradition of laboratory

work in Swedish secondary schools, we found that teachers seemed to conflate methods of

teaching (i.e. inquiry as a pedagogical approach) and methods of scientific inquiry (i.e. the
targeted knowledge when learning about inquiry) (Gyllenpalm, Wickman, & Holmgren,
2009). This included failing to distinguish between the concepts of hypothesis and prediction
and using hypotheses as pedagogical tools for teaching the results of science thus further
obscuring learning about scientific inquiry. In this article, we call this conflation of means
(methods of teaching) and ends (methods of scientific inquiry) in science teaching for the

inquiry emphasis conflation. The purpose of the study reported on in this article was to

investigate if the results from our previous study would be corroborated by interviews with
another group of informants (i.e. teacher students instead of experienced teachers). In addition
this different group of informants also allowed us to examining the role teacher education in

Sweden might have in reproducing the inquiry emphasis conflation.

Theoretical Framework
In this study we take a sociocultural and pragmatist perspective on language and learning. The
focus of sociocultural theory is to explicate the relationship between social, historical and
cultural contexts on the one hand, and individual action on the other (Wertsch, 1998). In the
analysis presented here the particular cultural contexts are those of school, university
education and scientific research, which we will refer to as cultural institutions (Rogoff, 1990;
Siljo, 2005). Cultural institutions are relatively stable systems of human relations,
communicative patterns, physical artefacts, activities, routines and other types of social

arrangements on various levels of complexity that stabilize social interaction and that humans
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76  learn to relate to and act within (Siljo, 2005). They include both bureaucratic and material
77  dimensions as well as more informal systems of practice (Rogoff, 1990). Institutions are in

78  this way systems of established and embedded social rules that structure social interactions,

©CoO~NOUTA,WNPE

10 79  although the rules are not always explicit and compelling in a definite way (Hodgson, 2006).
13 80  The modifier ‘cultural’ refer to that these institutions also embody cultural values and

15 81  purposes (Rogoff, 1990), and have been shaped by their particular historical and contingent

g 82  developmental path (Wertsch, 1998).

19

20 83 The relationship between cultural institutions and individuals’ actions within these can
21

22 84  be approached by analysing mediated action and habits. Mediated action refers to an agent

o5 85  acting by means of, or mediated by, cultural artefacts (Wertsch, 1998), with the most

27 86  ubiquitous cultural artefact being language (Siljo, 2005). Mediational means both provide

29 87  affordances and constrains (Wertsch, 1998) for how we communicate, act and think. Our uses
32 88  of language, including particular distinctions and divisions, is to a large extent habitual

34 89  (Wickman, 2006). By habits we mean predispositions and tendencies for certain kinds of

36 90 actions in certain situations (Dewey, 1930), and not strictly repetitive behaviour in a

39 91 biological sense (Cohen, 2007). Institutions are upheld by the habits of individuals,

4l 92  simultaneously as institutions and the mediational means they provide, shape individuals

a4 93  habits (Dewey, 1930; Hodgson, 2007; Maréchal, 2010). We call these collectively shared

46 94  habits, that characterise cultural institutions, customs (Dewey, 1930; Cohen, 2007). Being

48 95  socially transmitted, habits require the attention and will of the agent while learning them, but
51 96  once established they tend to function without explicit reflection. Nevertheless, habits can be
53 97  made the object of explicit deliberation, which is a first step in changing habits, and the

55 98 transformation of habits for coping with new situations can be conceptualised as learning

57

58 99  (Rorty, 1979; Wickman, 2006).
59

60 100
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Cultural Institutions and Science Teacher Education
Four different cultural institutions have emerged as relevant in describing and analysing the

results presented here: scientific research, pure science courses, science education courses for

teachers and school science. These cultural institutions are interrelated but they can be briefly

described individually as follows. Scientific research refers to basic or applied research at a

university or the equivalent with the aim of increased or better knowledge of natural processes

and phenomena. Pure science courses refer to courses given by a science department at a

university, often led by an active researcher, and with no particular orientation towards
teacher education. This type of course tends to focus quite exclusively on introducing students

to a well-established body of scientific knowledge. Science education courses for teachers, on

the other hand, are given by the teacher education department or the equivalent, and are often
led by teachers with a lot of experience from teaching science in schools. This type of course
often has the dual purpose of teaching students science and simultaneously teaching them
how to teach science in schools (sometimes called ‘parallel processes’), although the
emphasis between these two purposes may vary. School science is here science as a school

subject in secondary and upper secondary schools.

Language use and the meaning of words

A pragmatist perspective on language means that instead of seeing language as an outer
expression or representation of an inner mental state, as is usually the case in cognitive
perspectives, the meaning of words or any utterances are to be found in their use and
consequences (James 1907/1995; Wickman, 2006; Wickman & Ostman, 2002). This means
that words do not have an essential or universal meaning but must be understood as part of an
activity, context, or what Wittgenstein called a ‘language-game’ (Wickman, 2006). To

understand a word is at the same time to know how to play the language-game it is a part of.
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126 Also, language can, to a large extent, be understood as functioning through habits and
127  customs. In language-games the use, and thus meaning, of words are usually not questioned

128  but are typically understood as part of a practice as a whole (Hardwick, 1971). The fact that

©CoO~NOUTA,WNPE

10" 129 most utterances ‘stand fast’, i.e. are not question by the individuals participating in an activity,
13 130 s anecessary condition for communication (Wickman & Ostman, 2002; Wittgenstein, 1968).
15 131  This means that to learn a language-game is not simply to know the use of certain words but
1g 132 also means the acquisition of habits of using these words as part of an activity (Wickman,

20 133 2004). In order to reflect upon the customs (i.e. shared habits) of the major cultural institution

22 134  relevant to science teacher education, it is therefore relevant to study and make explicit the

24 . . .

o5 135 particular uses of language that are associated with them.

26

27 136 We define a pivot term as a single word or term that can be used to highlight how two
28

29 137 or more different cultural institutions and their associated language-games overlap or

32 138 intersect. It can metaphorically be described as a term on which one can balance two such

34 139  systems - a common point around which they can be said to revolve. A pivot term thus relates
36 140  to some central aspect of two or more activities, or language-games, with distinctively

39 141  different purposes, resulting in the word having radically different meanings and connotations
41 142  in these activities. If the customs of using a particular term differs significantly between two
44 143 cultural institutions it may be described as a pivot term. The same pivot term may thus

46 144  mediate quite different action in different activities. Pivot terms are special compared to other
48 145  words, only because they can be positioned to provide a point of leverage for analytically

51 146  separating two or more activities. This is not an essential or universal quality of a certain class
53 147  of words, but a description of a role or function that a term may play when comparing its

5 148 customary use in relation to the different purposes of different cultural institutions. Analysing
5g 149  the use of potential pivot terms is thus a way to operationalise how specific words can play a

60 150 central role in mediating action.
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The Use of ‘Hypothesis’ in Scientific Research

The possible pivot term analyzed in this paper is ‘hypothesis’ and its use in the cultures that
meet in science teacher education. In the results section we present empirical data on its use in
the cultures that teacher students are directly involved in. However, to examine how these
uses are related to the aim of teaching teacher students about inquiry as it is carried out in

scientific research, a comparison needs to be made with its use in scientific research.

The word ‘hypothesis’ is commonly used in science to refer to a tentative explanation related
to some observed phenomena (Chalmers, 1999). A hypothesis is not a single prediction
(McComas, 1998) but a suggestion about how the data is connected (Wilson, 1990). Often, it
is a proposition about a correlation or causal mechanism. What follows are three examples of
hypotheses from recent scientific research. All examples are taken from articles published in
Nature in the year 2000 (Hansson, 2006).

1. Neurotransmitter receptors of type D5 differ from those of type D1 in having special
functional interactions with GABG, receptors.

2.Certain gravel depositions in Hawaiian coastal slopes were created in a single event by giant
tsunamis.

3. Super conductivity will arise in C,, at high temperatures if it is hole-doped.

These hypotheses all have in common that they in different ways state tentative explanations,
with reference to causal or functional relationships, of natural phenomena. Example one
proposes as “functional interaction”, example two how a geological feature was “created” (i.e.
caused) and example three proposes “hole-doping” as a factor that might cause the
phenomenon of “super conductivity” under certain conditions. Furthermore, they all refer to

theoretical concepts (e.g. superconductivity, neurotransmitter, gravel deposit) that have
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meaning only in relation to a more comprehensive theory and research programme of some
kind. Example three may superficially be mistaken for a prediction. If one only considers
grammatical form, this may be true, in a sense, but the key here is the second part, ‘if it is
hole-doped’. This refers to a cause or explanation of the predicted superconductivity in this
particular case. For this explanation to make sense, the hypothesis must be connected to a

more comprehensive model relating the particulars of C,, within the even more

comprehensive theory of solid state physics. This implies that a hypothesis cannot stand
alone, and that the theory or research objective to which it is related is needed to separate a
scientific hypothesis from a groundless guess about an outcome or arbitrary fortune-telling
(McComas, 1998).

It can be questioned whether hypotheses play an important role in all forms of scientific
research (Hansson, 2006). However, it is definitely widely used in the way described here in
science studies, which is the field of scholarship in which the nature of scientific inquiry

(NOI) is systematically studied and described.

Research Question

The objective of this article is to examine the uses of the potential pivot term ‘hypothesis’ and
analyse the possible consequences of these for science teacher education. In particular the
research questions are:

1. How do science teacher students use the word ‘hypothesis’ and describe its function when
discussing examples of laboratory tasks in their own university education?

2. In what ways are the customary ways of using the word ‘hypothesis’ different in the

cultural institutions that constitute science teacher education in Sweden?
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The first research question is addressed by presenting and analysing transcripts from the focus
group interviews, while the second question is addressed analytically based on the findings

related to question one.

Method
In order to obtain information about the characteristic customs of teacher education in a
manner that was not too artificial, and simultaneously hear a large number of informants from
a range of backgrounds, focus group interviews were chosen as the method of data collection.
This approach was inspired by Volante and Earl (2002), who used focus groups to explore
teacher students understanding of the conceptual orientations of their own teacher education
programmes and practicum experiences, and also Hurtado, Carera, Lin, Arellano, and
Espinosa (2009), who used focus groups to study university students experiences with the

culture of science.

Sample Selection

Six well-known universities were chosen to obtain a broad representation of teacher education
programmes in Sweden. The target group was teacher students who specialised in natural
science for secondary schools and who were approaching the end of their education. In all
seven focus group interviews were conducted with a total of 32 students and 3 to 6
participants in each group at the following universities: Gothenburg University, Malmo
University, Milardalen University, Stockholm University, Umea University and Uppsala
University

Focus Group Interviews

The focus group interviews were orchestrated to situate the conversations in a context similar

to the type of conversations that teacher educators may have with their students. This was
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done by asking students to bring concrete examples of laboratory work from their own
university education and discuss these in terms of educational purposes. The interviews lasted
on average 1.5 hours and were conducted by the first author, according to the following
structure:
1. Introduction and presentations
2. Focusing exercise: ranking the purposes of laboratory tasks
3. Students tell about their own examples of laboratory work
4. ‘Pedagogical methods and theories’ are compared with ‘Natural scientific methods and
theories’

At the beginning of the interview, the researcher repeated the information that the students
had been given before the meeting and described the overall objective and how data was
going to be used. During the interviews, an interview guide was used (Appendix A) to help
call attention to and focus on relevant themes of discussion.

A focusing exercise is described by Bloor, Frankland, Thomas, and Robson (2001) as
‘an attempt to concentrate the group’s attention and interaction on a particular topic’ (p.43). In
our case, this was done by asking the students to agree upon a ranking of seven statements
about the main purposes of laboratory work in their university education, as perceived by
them (Appendix B). The statements were inspired by Roberts’s seven curriculum emphases in
science education (Roberts, 1982). During the exercise, the students were asked to explain
their reasoning as they worked on the task and to refer back to concrete examples from their
own education. The exercise took approximately 30 minutes to complete.

After the focusing exercise, each of the examples provided by each student was
discussed. These mainly consisted of laboratory reports or instructions. The students were
asked individually to elaborate on the context in which the example was situated in their

education, and to relate it to the list of purposes discussed during the focusing exercise. As a

10
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final topic for the interview, two sheets of papers were distributed with two different topics or
themes (Appendix C) and the students were asked to discuss these in relation to the focusing
exercise and their own examples.

The objective of these preparations and tasks was to create conditions favourable for
engaging conversations, which we hoped would provide many natural opportunities to
elaborate on the meaning and use of inquiry related terms such as ‘hypothesis’. It was not our
intention to elicit the students’ views on the nature of the purpose of laboratory work or how
‘pedagogical theories’ might differ from ‘natural scientific theories’. These themes were
instead used as heuristics to help create meaningful, content rich and focused conversations.
We feel that over all we succeeded with this and several students commented after the

interviews that they had found the event both inspiring and educative.

Analysis of Data

All focus group interviews were transcribed verbatim and then proofread to ensure a high
quality of the transcribed record. The transcripts were then coded in terms of the general
topics of the interviews as well as sections relating to the use of the term ‘hypothesis’. This
provided an overview of the material. In the next step, the transcripts were re-coded in more
detail, with a focus on the use and mentioning of the term ‘hypothesis’ using the Transana
software for qualitative data analysis. All episodes containing references to hypotheses were
printed and sorted in subcategories in order to find the common themes described in this
article. The most representing transcripts have been chosen to be presented and commented
upon in the Result section. The transcripts are translations from verbatim Swedish transcripts
to English. Great care has been taken to stay as close as possible to original sense of the
wording, but the transcripts in Swedish also contain many grammatically odd formulations as

transcribed talk often does.

11
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Results
Here we present data from the focus group interviews to highlight the significant themes that
emerged from the analysis of the use the pivot term ‘hypothesis’. All of the names of the
students are pseudonyms, and the names of the universities are anonymous, but consistently

denoted by letters.

The Dominant Use of “Hypothesis” in Teacher Education
Although the word ‘hypothesis’ was used in different ways by the teacher students in this
study, the use completely dominated the interviews was to equate a hypothesis with a
proposition about ‘what you believe will happen” when performing a laboratory task, i.e. a
guess about an outcome. This is in line with how teachers were found to use this word in a
previous study (Gyllenpalm et al., 2009), and also in line with how the use of this word in
school science has been described elsewhere (Baxter & Kurtz, 2001). Other uses such as
equating a hypothesis with a research question, an assumption that can be tested and as a
tentative explanation, were mentioned at a few rare occasions, but cannot be considered to be
representative of the prevailing custom. Below is an example of this seemingly natural and
spontaneous meaning given to the term by most students:

1. Sara: Hypothesis? Hypothesis is what you believe is going to happen in the

experiment.
2. Klara: Yes.
3. Sara: That’s what you’re supposed to come up with before if it is a hypothesis...

(University D)

12
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Students using the word ‘hypothesis’ as a guess about an outcome were also asked if they had
noted the fact that this equates a hypothesis with a prediction. This was clearly not something
the students had considered, as exemplified in the following quote:
4. Interviewer: It sounds somewhat like a prediction as well.
5. Johan: Yes, well, yes perhaps you could better say that’s what it is. It is nothing...
6. Interviewer: Is this something that you have distinguished between or talked about?
7. Several: No
8. Johan: You know it’s not directly, it’s not like we have formulated our own hypothesis
to be able to see if there is any difference, it’s more like we have... I guess our, our
hypothesis was to be formulated, what do you think is going to happen with the one
that’s in darkness and the one that is in light, and what does it depend on? So I guess
that’s what we have written.
(University C, Group 2)
The last comment by Johan refers to a take-home laboratory task in which the students
were to perform an experiment to test how two different treatments (one environment
with sunlight and one without) affected the growth of a plant. This was part of a science
education course for teachers. As exemplified here, the use of a hypothesis as a guess
about an outcome dominated the focus group conversations. There were no indications

of the students having noted that this use conflates a hypothesis with a prediction.

Absence of Hypotheses in Pure science courses

The custom of having students formulate their own hypotheses as guesses about the outcome
of a laboratory task in school science is in stark contrast to the customs of the pure science
courses. In these courses, talk about hypotheses is rare and it is normally not an important

concept in laboratory tasks.

13
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9. Interviewer: Well, now I don’t think that there were any of these examples that you
mentioned that began with some hypothesis?
10. Jan: We haven’t had a lab like that.
11. Petra: We haven’t had a lab like that, no.
(University E)
Whereas it can easily be seen in the complete interview transcripts that the two above

quotes explicitly refer to pure science courses, it is inferred from the context in the next

two quotes. As this distinction was found to be important only after analysing the
interviews, it was not addressed explicitly during the interviews.

12. Klara: Yeah, but it’s just that you rarely get to, I mean there are no hypotheses in that
way; instead you often get to do lab tasks in which you know what will happen if you
mess up, sort of. There is a correct result in some way. And that ... Yes ... then there
isn’t really a hypothesis and then you don’t work with hypotheses in that way.
(University F)

These quotes illustrate that in the pure science courses, there is little use for or even

mentioning of hypotheses. Previous research has also shown that in pure science courses,

laboratory tasks are usually highly structured and recipe like (Hult, 2000). The absence of

hypotheses in laboratory tasks in pure science courses is also accompanied by what seems to

be a rather low emphasis on discussion about the nature of science and the nature of scientific
inquiry in general. In the quote below, Klara is referring to item number seven in the focusing
exercise when she concludes that they have not discussed the nature of scientific inquiry:

13. Interviewer: The scientific method, what would that be?

14. Mattias: It’s what they say...

15. Klara: It’s what they always talk about, but no one wants to define.

16. Sara: Nobody wants to explain it, no.
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17. Klara: And it’s really important that we know.
(five turns further down)
18. Klara: And in that case, if number seven has to do with that, I definitely think that we
don’t get into that when we do laboratory tasks and experiments at all.
19. Camilla: No
(University D)

Although hypotheses are rare in pure science courses, there were examples discussed during

the interviews that can be said to involve hypothesis testing more explicitly. Again, it is not

always clear if the distinction between pure science courses and science education courses for

teachers can be applied in all of these examples. In any case, they constituted rare and more
comprehensive tasks in which the students were given more freedom and responsibility to
conduct their own inquiry projects.

20. Lalla: The only lab task, or whatever you should call it, it was this scientific article.
Because what we, in my group did, was that we were to look at, there are aquatic
woodlice of different colours, they are grey, brown, green, and then we had a
hypothesis that it depends on where they grow, where they live. Depending on if they
live off the green seaweed they become green, and if they live on the brown seaweed,
they become brown. It was the only time that we formulated a hypothesis, and so to
say tested if that was the case. But that is probably the only time I have done anything
like that.

(University B)
This example was recalled by Lalla as the interviewer continued to probe the role played by
the notion of a hypothesis in their education. We can see that Lalla is talking about a
hypothesis in the form of a tentative explanation; however, it should be noted that this did not

seem to be a more reflective or systematic use of this term, as will become clearer in the next
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section. As she says, this constitutes an unusual or unique example, in that it was the only
time they were supposed to formulate their own hypothesis and design corresponding

investigations to test it.

Science education courses for teachers
The absence of emphasis on and discussion of hypotheses in laboratory tasks in pure science

courses is contrasted by science education courses for teachers. Below, Jonas explicitly states

that he only recalls talk of hypotheses in this type of course. In the following examples, it can
be deduced from the larger context of the interview conversations that the students are
referring to the same kind of courses.
21. Interviewer: So in your laboratory tasks, this stuff about reasoning around a
hypothesis doesn’t seem to have been a big thing.
22. Jonas: I guess it’s really only existed during the didactics [science education courses
for teachers] lab tasks.
(University A)

The science education courses for teachers seem to have two features that are particularly

relevant for the present discussion. The first is the so-called ‘parallel process’ already
mentioned. The second is that talk about hypotheses was often mixed with talk about theories
of learning. In the next quote, we see how a student reasoned about the purpose for using
hypotheses in schools as a pedagogical tool:
23. Interviewer: So have you talked a lot about hypotheses and what function they have?
24. Carola: Yes, and that is something we use during our practicum as well and that we
are to use later in the teacher profession in which when you do lab work with the
students, it is often the method you use. That the students should get to try but also

perhaps have some, yes, a conception, what will happen and then you find out and it is
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like a way for the students, for them to discover what is, what science consists of.
What is it really? And you want to, yes, in a way you want to encourage the students
to learn more, and so on, and not serve everything on a plate. Or what do you guys
feel?

(University C, Group 1)

To Carola, a hypothesis seems to be associated with a pedagogical method. The

pedagogical function of the hypothesis in the teaching method she is describing is to

elicit the students’ preconceptions, a notion usually connected to conceptual change

theories of learning (Park, 2006). Here we note that “method” is also a potential pivot

term related to ‘hypothesis’. In the context of science education this term is often

ambiguous as can bee seen in the definition of the inquiry emphasis conflation. Below is

a further illustration of referring to hypotheses as a pedagogical tool:

25.

26.

27.

28.

29.

Miriam: The hypotheses were very important in the air lab.

Interviewer: Ok, in what way, what did it mean?

Miriam: Well, it was important in some way that we had a conception before we did
the actual eh experiment how... a conception about what could happen, and then we
were supposed to confirm or deny if it was true by performing the experiment.

Lisa: But Maria, surely it was a part of these lab tasks, wasn’t it that students’
conceptions was that in this case, that it contains nothing, it is empty [...]?

Miriam: Yes, that’s right because precisely this about dropping your own hypothesis,

Page 18 of 38

that it is like wrong, so it is pretty difficult to do because you prefer that your everyday

conceptions perhaps are the ones that are true, so to speak, it is difficult to drop it
because then you lose in a way a part of your sense of reality in some way. And then
it’s important to understand the new context how it works, how the theory perhaps

really is. So this was actually a part of the thing with this really.

17

URL: http://mc.manuscriptcentral.com/tsed Email: editor_ijse@hotmail.co.uk



Page 19 of 38 International Journal of Science Education

©CoO~NOUTA,WNPE

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

(University A)
It seems as if it is only in this context of a pedagogical approach to teaching the products of
science that the notion of a hypothesis is common and has a clearly justified role for these
students. Miriam’s last comment also demonstrates the personal nature of a hypothesis when
used as a pedagogical tool, when she refers to ‘dropping your own hypothesis’ (turn 29), a

point that will be discussed later.

Reproducing the Customs of School Science

Discussion about hypotheses does not seem to be very common in most pure science courses

at the university level, and in particular, not in connection with laboratory work. The

exception is science education courses for teachers, as noted, although in these, talk about
hypotheses also seems to be taken for granted and not reflected upon critically. In the
following quote by Albert, it is not completely clear if he is referring to a pure science course
or to both kinds of courses. Nevertheless, the quote illustrates his perceived gap between the
customs at the university and those in school; it also corroborates the earlier findings that the
hypothesis is a guess about an outcome in the school custom (Gyllenpalm et al., 2009).
30. Albert: I can refer back to my practicum school once again speaking about hypothesis.
In part, I agree about what has been said because when I hear the word hypothesis, |
think about my [practicum] school when they write lab reports and regardless if you
talk about year seven or year nine, they always get to start by writing their own
hypothesis. How they think, what they believe... They read through the actual lab task
and find out about what we are going to do a lab about. And the lab question is, what
result they are to find out. Then they always get to write down what they believe is

going to happen. And hypothesis in that sense, I can’t recall from the university
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[courses], that now you are going to do this laboratory task and you are going to find

out about this and this, and what do you think will happen?

(University B)
Albert describes the recurring habit of ‘always beginning with writing a hypothesis’ as a
guess about an outcome, and he contrasts this with the courses he has taken at the university
of which he ‘can’t recall’ anything similar. Later in the same interview, Lina refers back to
Albert’s statement:

31. Interviewer: So hypothesis as “what you think will happen”, do you think that it is a
good definition of what a hypothesis is?

32. Lina: Perhaps not scientifically like, but I can follow Albert’s track that it is like that I
interpret the word sort of. That is also how I have asked students to formulate
hypotheses before you have done laboratory tasks. And then like, well, what is a
hypothesis? And then I’ve probably explained it sort of with the words that it’s like
what you believe is going to happen, what colour you think it will be or what you
believe, like that.

(University B)
Lina’s statement shows a certain questioning of the meaning of a hypothesis that can be
connected to the interviewer encouraging the students to think about hypotheses in a scientific
context. However, what she describes is how she normally has used the word during her
practicum. These examples provide a snapshot of how the existing customs in school science

continues to be reproduced.

Questioning the Use of a Hypothesis as a Guess about an Outcome

19

URL: http://mc.manuscriptcentral.com/tsed Email: editor_ijse@hotmail.co.uk



Page 21 of 38 International Journal of Science Education

1
2
3 469
4
5
6 470
2
8 471
9
10
1 472
12
13 473
14
15 474
16
17
15 475
19
20 476
21
22 477
23
24
o 478
26
27 479
28
29
2 480
31
30 481
33
34 482
35
36
2 483
38
39 484
40
41 485
42
43
4 486
45
46 487
47
48 488
49
50
5 489
52
53 490
54
55
o 491
57
sg 492
59
60 493

On some occasions, the conversations led to the students questioning the role of a hypotheses

in scientific research compared to the more familiar school science and their own teacher

education.

33. Mattias: Yes, but if you now think that in real research where they really come up with
new things, do they really have hypotheses there in the same way we have them now?
That they sit down and think for an hour first, hmm...what’s going to happen?

(‘a few lines further down)

34. Tomas: [...] I mean we never start with that, with the idea, instead we start with the
complete experiment. And that can never science, I mean research could never start
with an experiment and then try to find out why you have this experiment, it seems a
bit twisted.

(University D)
Mattias raises a doubt as the interviewer asks if they all agree with the just stated definition of
a hypothesis as a guess about an outcome. A few lines further down, Tomas develops this
thread of reasoning by stating that it is a paradox to be given a method in the form of a recipe
to follow in a laboratory task and then being asked to guess what will happen. A similar
argument was provided by Johan in another interview in which he questioned the use of the
notion of a hypothesis and linked this to thoughts about studying causality.

35. Johan: If you look at, if you think about, eh, I don’t know if it says, I think it says that
we are to write a hypothesis, and when you think about it, it’s not really a hypothesis
in the same sense that it is when you write or do something more scientific, but it’s
more that we do an assessment, what we believe is going to happen. It’s not directly...

36. Interviewer: What would be more scientific?

37. Johan: I feel like you perhaps should, more like draw up a, a theory for what you

believe could, eh, effect. I believe this is going to happen because, and that because of
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this, we want to do this experiment. But here we have been assigned to do this
experiment and guess what we think is going to happen. So it is a bit more like
guessing...
(University C, Group 2)
Johan’s reasoning made Alexandra, who was in the same group, uncertain. She seemed to
have been certain that a hypothesis simply meant a guess about an outcome. This lead to a
meaning exchange between Johan and Alexandra in which Johan developed his argument
about the role of hypotheses in a similar way to that of Tomas above. What both Johan and
Tomas are observing is that there is a strange kind of reversed epistemology when it comes to
the prevailing use of a hypothesis as a guess about an outcome. What this means is that the
students are presented with a situation or experimental procedure (a scientific method) and
then asked about what they believe will happen. At the same time, everyone involved knows
that there is a single answer that is already known that is accepted as the correct one, i.e. there
is a didactical contract (Brousseau, 1997). Later in the same interview we note that, although
the familiar custom is challenged, they continue to show a kind of loyalty to the customs of
school science.
38. Alexandra: Ok, but it doesn’t feel like you very often in that case, that you formulate
any hypothesis when you work, I mean like we have done.
39. Johan: No, not with them.
40. Staffan: And that the students, no that’s true, in school so...
41. Alexandra: But you still call it a hypothesis.
42. Staffan: Yes, well, I guess it is this form so that it’s like and in that way, you prepare
yourself for the way it will be like perhaps in high school.

43, Johan: Yes.
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44. Interviewer: Is this something that you have discussed with your teachers or earlier in
connection to laboratory tasks?
45. Several: No.
46. Staffan: In any case, very little, but not that I can remember.
47. Alexandra: No.
(University C, Group 2)
Alexandra is given an eye-opener and brings to light the existing contrast between the

meaning of a hypothesis in school science compared to scientific research. Simultaneously, it

seems as if the school custom exerts a strong pressure on the students, and that they tend to

reproduce this custom as Staffan’s statement in turn 42 indicates.

Hypothesis Fear

In the existing school custom in which a hypothesis usually means a guess about an outcome,
there is also a certain emphasis on the ‘you’ part of this statement, i.e. what you (the student)
personally believe. What this suggests is that ‘you’ are identified with ‘your hypothesis’ as if
‘you are your hypothesis’. This is in line with the teachers’ pedagogical use of the concept as
a tool for making students aware of their own preconceptions or misconceptions (Gyllenpalm
et al., 2009). Disregarding for a moment that this use of the notion gives a distorted image of
the nature of scientific inquiry, there is also reason to suspect that the identity between ‘you

and your hypothesis’ is the root of the hypothesis fear that both teachers and teacher students

have reported observing in school children (Gyllenpalm et al., 2010). Lina’s statement from
turn 32 is continued, and it demonstrates this point, which is also corroborated by the rest of

the group.
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Lina: But, eh, at least the students I have had have had a really difficult time to
formulate, they have been very uncertain when they try to formulate hypotheses,
thinking that it’s a bit scary like when they don’t really know if it really is correct...
Olle: Students I’ve had have seen it more like a competition that “I have to be right”.
Because it has often happened then that they have written it down afterwards, if they
are very competitive. “Yes, I don’t write it yet, but look to see what happens first and
then write it with a big exclamation mark, that yes, I made the correct guess, I was
right!”

Lina: Yes (laughter)

Albert: I also recognize this, that there is a kind of uncertainty, that they are afraid of
writing something incorrect. I have tried to explain to them that you can never lose

credit based on the hypothesis.

(University B)

A strong emphasis on teaching students the correct explanations (Roberts, 1982) and the fact
that because of this, the main purpose of performing laboratory tasks is to reach the correct

conclusion (Andrée, 2007) most likely contribute to this hypothesis fear. The hypothesis

becomes a tool for psychological manipulation and blackmailing and the stress caused is
likely to contribute to students developing a negative attitude towards science as a school
subject. Blackmailing occurs if students feel a need to play along with the ‘guess the answer’
game, because they want to please the teacher or achieve a certain grade even though they are
uncomfortable. Simultaneously, there seems to be a reaction in some schools against the
prevailing custom of using a hypothesis as a guess about an outcome because of the conflict it

easily provokes.

Klara: We have never really discussed hypotheses either like in any context the way I

see it, because when I was doing my practicum, it’s like a lot of teachers are totally
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against using hypotheses. So I feel very ambivalent and we have never had any
discussion about this.

53. Melanie: Are they against it?

54. Klara: It can get very, in some classes, it can get very confusing when they write
hypotheses, as the teachers see it. Because then they make up really strange things and
then they can even imagine that “we wrote it in our hypothesis so it must be true” so it
can get a bit weird like that.

(University D)
Like many others, Klara notes that the subject of hypotheses is not a theme that has been
discussed during laboratory work or at any other time. The counter reaction to the stress
caused by the reversed epistemology apparently expressed by some teachers is
understandable. However, the reaction is misdirected, since it is based on taking the existing
custom as a given and then simply rejecting it as wrong. This is like throwing out the baby
with the bathwater. The teachers are then ‘completely against using hypotheses’ perhaps
without realizing that what they call a hypothesis may be something quite different from what

it normally means in scientific research.

Discussion
Summary of Results
The research objective of this article was to describe how teacher students use the potential
pivot term ‘hypothesis’ and how this use relates to a number of cultural institutions that can
be said to constitute science teacher education. We found that the students habitually used
‘hypothesis’ as equivalent to a guess about an outcome, in line with the customs of school

science (Gyllenpalm et al., 2009). Although some students began to question this during the

course of the interviews, there was also evidence of the tendency to remain loyal to the
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custom of school science. The use and function of hypotheses at university courses, as

described by the students, inspired us to distinguish between pure science courses and science

education courses for teachers. In the pure science courses, little or no emphasis is placed on

hypotheses or hypothesis testing as a part of laboratory tasks. Only in some rare cases when
students get to do more comprehensive inquiry projects did the concept of a hypothesis
appear, but this seems to be a one-time event for most students. This is a finding in line with
previous research on science teacher education in Sweden (Lager-Nyqvist, 2003). Thus, it
seems as if the students are expected to invent or discover the logic and subtleties of
formulating hypotheses and hypothesis testing on their own during the course of completing
one single more comprehensive inquiry project. It is a big leap for most students to make, and
as research shows, they are unlikely to learn much more about the nature of scientific inquiry
just from participating in this type of project without explicitly reflecting upon it from a
philosophy of science perspective (Lederman, 1999; Windschitl, 2003).

In contrast to the pure science courses, talk about hypothesis seems frequent in science

education courses for teachers, and it is often associated with a pedagogical methodology and

theoretising about the nature of how individuals learn scientific concepts. Although
hypotheses were a common part of these courses, it was not a topic that had been discussed
often. In fact, there was nothing to suggest that it had been discussed in terms of scientific
research methodology. Finally, we also noted that the students confirmed our earlier finding
that school students may feel anxiety over formulating their own hypotheses as guesses about
an outcome; a phenomenon we have labelled ‘hypothesis fear’ (Gyllenpalm et al., 2010). Not
all themes were discussed in depth at each interview, although most themes were at least
touched on in all groups. Summarising the results, it is a surprisingly homogenous choir

formed by students from all over the country.
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The uses of the term ‘hypothesis’ in the different contexts, or cultural institutions,
described and analysed here are summarised in Table 1 below. These cultural institutions can
be conceptualised a being connected in chain of partly overlapping cultures in the order given

by the numbers in Table 1. Our results illustrate, by focusing on the pivot term “hypothesis”,

a specific way in which the continuity of this chain between the cultures of scientific research
on and school science is broken. This break problematic since an important objective of
school science is to introduce learners to the culture, practices and language-games of
scientific research (Rogoff, 1990; Wickman, 2006). However, describing concrete and
specific aspects of this break, as we have tried to, also suggests ways of overcoming these
problems. Furthermore, three questions are raised by the results presented here. First, what is
the origin of these radically different uses of "hypothesis” in contexts where they might be
expected to coincide? Second, how are the different customs that differentiate these cultures
reproduced in respect to the use of "hypothesis”? And, third, what are the consequences of this
state of affairs for teaching and curriculum development? Our answers to these questions are
speculative and draw on the educational research literature, as well as on our results and
theoretical framework.
[Insert Tabel 1 here]
Constructivism as a Possible Origin of the Inquiry Emphasis Conflation

There is reason to believe that failing to distinguish between a hypothesis and a
prediction in school science is connected with the influences of constructivist theories of
learning. Constructivist theories of learning can be traced to Piaget’s theory of individual
development of cognitive schemata through a process of accommodation resulting from a loss
of mental equilibrium (Piaget, 1964/2003). Piaget’s theory and the early elaborations of it to
suit the field of science education research tend to mix theories of how individuals learn on a

short time scale, and theories of how science as a collective enterprise advances over the
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course of hundreds of years (Carey, 1999; Driver & Easley, 1978; Posner, Strike, Hewson, &
Gertzog, 1982). Park (2006, p. 488) recently summarised teaching based on constructivism as
being composed of four stages: ‘recognition of prior idea, cognitive conflict, resolution of
conflict, and recognition of the modified idea.” Somewhere along the way, the notion of
hypothesis seems to have been hijacked as a tool for eliciting students’ prior ideas and setting
the stage for a cognitive conflict to occur. In this process, the hypothesis was confused with a
prediction, and since the objective has not traditionally been to teach students about NOI, this
collapsed distinction did not appear to have any negative consequences. However, if an
understanding of NOI is important, this conflation becomes problematic. Furthermore, we
note that due to the existing, but tacit, didactical contract (Brousseau, 1997) that characterises
school science, this pedagogical use of the hypothesis seems to lead to the reported hypothesis
fear suffered by students. The didactical contract generally states that what is important to
learn are the correct explanations and producing the correct results in a laboratory task. As
these explanations and results are known, there is no incentive for students to take a guess that
turns out to be wrong because of the risk of appearing stupid. This risk and the prospect of
wasted intellectual effort combined with a desire to please the teacher can be hypothesised to
produce the anxiety reported amongst students.

It is possible that there are other origins of this conflation. One is that scientists
themselves, and college textbooks, may not always use these terms in a consequent manner
(Lawson, 2007). However, our results are in line with other critiques of constructivism that
address its epistemological and ontological basis (Kruckenberg, 2006; Siljo, 2000), and the
pedagogical practices derived from it (Caravita & Halldén, 1994; Furtak, 2006). Also, the
idea that students misconception always obstruct learning and that teachers therefore need to
focus primarily on conceptual change has recently been criticised (Hamza & Wickman,

2007).
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Reproducing the Inquiry Emphasis Conflation

Pure science courses generally omit discussions about hypotheses and the nature of

scientific inquiry (NOI). Laboratory tasks in these types of courses are usually closed, fully
structured and used to motivate, exemplify and teach the established theories and explanations
of science (Hult, 2000). However, it is not merely what is said and done that is important in
education, but also what is not said, what Ostman (1998) called ‘companion meanings’. Thus,

the pure science courses indirectly teach that talk about hypotheses in relation to research

methodology and NOI is not important enough to merit systematic teaching and assessment.
The fact that there is a general silence about NOI in general and the use of hypotheses in

particular in pure science courses could be an effective buffer between the education cultures

and the culture of scientific research, thus breaking the continuity of the chain. The link

between scientific research and the rest of the educational system is broken by the silence

about these issues; consequently, the pure science courses contribute to maintaining the status

quo.

The science education courses for teachers seem to import the school customs right into

the university. Here laboratory work is used both to illustrate science topics and teaching
methods simultaneously (the so-called ‘parallel processes’), thus contributing more directly to

reproducing the inquiry emphasis conflation. In these courses, talk of hypotheses is common,

but also taken for granted and not reflected upon explicitly. It is also used as a pedagogical
tool rather than as a concept for research methodology. The hypothesis is connected to
theories of learning and methods for teaching, but not to discussions about and learning about

NOI. Thus, methods of teaching are not separated from methods of scientific inquiry, and the

inquiry emphasis conflation is perpetuated. In both the pure science courses and the science

education courses for teachers, we note that what we find here is probably not intended by the
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teachers leading these courses. It may be that they are aware of the distinctions we make here;
however, the point is that this is not what we find when talking to the teacher students. Hence,
if these issues have been raised, they have not had much impact.

Lortie (1975) has pointed out that teachers tend to teach the way they were taught, since
an average student has ‘spent 13000 hours in direct contact with classroom teachers by the
time he [sic] graduates from high school’ (p. 61), implying a powerful socialisation. As
described in the theoretical framework, cultural institutions are upheld by and simultaneously
shape individuals habits (Dewey 1930; Cohen 2007; Hodgson 2007; Maréchal 2010). Here
we have presented evidence demonstrating how the custom of using the term ‘hypothesis’

indeed seems to be reproduced in school science with little or no influence from the customs

of scientific research passing through the filter of teacher education.

Implications for Teaching and Curriculum Development

Customs and other stable social structures are necessary for the growth and continuity
of cultural institutions. Understanding the characteristic customs of the cultural institutions
relevant for science education is a prerequisite for successful development and reform
projects (Dewey, 1930; Keys & Bryan, 2001; Rowell & Ebbers, 2004; Windschitl,
Thompson, & Braaten, 2008b). Otherwise, projects may be hindered by participants acting
according to contradictory yet unexamined customs and habits related to key issues
(Fredrichsen, Munford, & Orgill, 2006; Trumbull et al., 2005). Due to the status of
‘hypothesis’ as a potential pivot term, new curricular material that focus on hypothesis testing
as a dimension of learning about scientific inquiry may be interpreted within the school
custom of using hypotheses as a pedagogical tool. The concept of ‘pivot term’ may thus be

used to draw attention to this and other potential sources of confusion and miscommunication.
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In conclusion, this study both corroborates our earlier finding that there is a custom in

science education to conflate methods of teaching with methods of scientific inquiry

(Gyllenpalm et al., 2009, 2010), and, furthermore, describes how this conflations is related to
the different uses of the pivot term “hypothesis” in different cultural institutions relevant for

teacher education. The consequences of this conflation may be the reported hypothesis fear as

well as an increased difficulty in reaching the intended goals of scientific literacy because
NOI as a learning goal becomes difficult to distinguish and emphasise. Teacher educators
need to be aware of how the existing customs relate to the goal of learning about scientific

inquiry associated with scientific literacy. In pure science courses, we suggest that more effort

be devoted to teaching about NOI and, in particular, the logic of hypothesis testing. In science

education courses for teachers, work needs to be done to distinguish explicitly between
theories of how individuals learn and descriptions of how knowledge production occurs in
science at large. We also suggest that the personalized form of address should be abandoned
when asking students for predictions and a hypothesis. Rather, there should be a critical
examination of all possible explanations (hypotheses) and how they relate to the empirical

evidence (predictions and actual outcomes).
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Appendix A
Interview Template
1. Can you describe the example you have chosen? (Context? Prerequisite knowledge? Time
frames? Research question? How was the question answered? Group or individual? Aids?
Assessment? Presentation of results? Comparisons of results?)
2. How did you understand the purpose of this as part of your own teacher education?
3. Particular words/notions to try to focus on:
- Question, guess, hypothesis
- Method, observation, experiment, scientific, systematic, objective
- Prior knowledge, theory, model
- Logical reasoning, critical thinking, proof, cause, prediction
- Presentation, report, examine, compare with the results of others

4. Other questions that may be relevant to ask:
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- Did you get to formulate your own research question?

- Plan and conduct investigations on your own to answer your own research question?
- Is there a difference between a laboratory task and an experiment?

- Did you plan and conduct a controlled experiment on your own?

- What is a controlled experiment?

- Did you formulate your own hypotheses and predictions?

- Is there a difference between the concepts of hypothesis and prediction?

- Has any teacher discussed these concepts in your education?

Appendix B

Focusing Exercise

The purpose of laboratory tasks or inquiry projects in my education has often been to:

1. Learn about the science behind technical and natural phenomenon in our everyday life.
2. Learn about the nature of science: what is characteristic of science.

3. Learn scientific subject matter as a preparation for taking more advanced courses

4. Motivate or exemplify scientific theories and models of explanation.

5. Learn about the historical development of science as a part of our culture.

6. Learn about the role of science in society, technology and decision-making.

7. Learn to handle processes and methods used in scientific research.

Appendix C
Theme 1: Natural scientific methods and theories

Theme 2: Pedagogical methods and theories
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