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Abstract Our investigation focusses on a group of eleven lower-middle-class students
from classrooms in which the teachers did most of the talking and students rarely asked
any questions. We have examined whether spontaneous discussions among the students in
a less structured setting would include questioning, and what kinds of questions they might
ask. Our study is based within a historical dialectical materialist framework. We particu-
larly wanted to find out whether, given a material context—an unusual variegated tree—the
students would spontaneously ask questions about the tree, or whether they would need
some sort of teacher’s guidance in order to do so. We were motivated to raise these research
questions partly by worries that a culture of an unquestioning student passivity may exist
and that such a culture may be an expedient way of maintaining social norms. Rather than
testing out a teaching strategy, our broader aim was to understand the students and find out
whether or in what sense they might practice science. We explored the role of the teachers
and the context in the students’ questioning process by analysing student talk and interac-
tions with each other and with the tree. We found that, in the course of their spontaneous
discussions, even with very little teacher guidance, the students engaged in questioning and
asked each other a surprising number of investigatable science questions. Their questioning
was mainly authentic, and was both explicit and implicit. We claim that their questioning
was a dialectical process in which conflicts arose due to interactions between students, as
well as between students and the tree. Even though the students had never done practical
science activities in their classrooms, they spontaneously performed some experiments to

Lead Editor: Ajay Sharma.

P4 Karen Haydock
haydock @gmail.com

Gurinder Singh
gurinderphysics @ gmail.com

Rafikh Shaikh
rafikh.sk@gmail.com

Homi Bhabha Centre for Science Education, Tata Institute of Fundamental Research, VN Purav
Marg, Mankhurd, Mumbai 400088, India

@ Springer


http://orcid.org/0000-0001-9781-8914
http://crossmark.crossref.org/dialog/?doi=10.1007/s11422-018-9866-0&domain=pdf

644 G. Singh et al.

find answers to their own questions. We present evidence that they did this despite think-
ing that they were not supposed to do so. We discuss how and why the students engaged
in questioning and investigating. We also discuss possibilities for how student questioning
could flourish, even if not officially encouraged, at least as a subversive activity.

Keywords Student questioning - Historical dialectical materialism -
Open-beginninged explorations - Explicit and implicit questioning - Investigatable
questions
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Student questioning: conflicts

We were initially motivated to do the research described in this report by our observations
that students in Indian school classrooms very rarely have discussions in which they ask
questions. On the other hand, it seems that pre-school-going children ask large numbers of
questions. As children grow older do they ask fewer questions? Or do they ask each other
questions but not ask authorities? Or is it just certain kinds of questioning which dimin-
ishes? And if questioning does diminish, is it because they start going to school?

We will begin by discussing research related to these underlying questions and the situ-
ation we see in Indian classrooms, showing how it clarifies some points but leaves oth-
ers unanswered. This will lead to the definition of our research objective, which was to
investigate students’ questioning in a workshop setting which was less structured than their
regular classroom. After discussing our framework and methodology, we will analyse the
interactions which we observed between the students.

Classrooms without students questioning

We sometimes hear that even outside of class, children do not ask questions, and are quiet,
docile, and obedient. Some say that this is part of an alleged ‘Indian Culture’ which teaches
them to respect their elders and adhere to certain caste, gender, and class biases. For exam-
ple, Hamid Ansari, former Vice-President of India, has said:

In our family life, we do not approve of questioning. Most parents do not like chil-
dren asking questions. In schools, from nursery to high school, teachers frown upon
children raising questions. In colleges and universities, asking questions is often con-
sidered ‘cheeky’ and an attempt by the student to cast doubt on the knowledge of the
teacher.

The same holds good for social life. It is considered ‘disrespectful’ to question an
elder, a superior or a leader. (Ansari 2016)

It is not clear whether this is actually true, and given the diversity within the country,
it may be difficult to believe. We have not found any recent research reports from India on
children’s questioning or conversation in their daily lives outside of school. There are a
few reports that mention students’ written questioning, although most of them are not very
recent. For example, some researchers report that students do ask a variety of questions
when they are asked to ask questions in written form through postcards and letters (Pal and
Mishra 2008) or through question-boxes (Kulkarni and Agarkar 1985).

However, we are more concerned with students’ questioning as part of their discus-
sions with each other as well as with their teachers, and there are very few reports of this.
The teacher educators Kewal Kandpal (2015) and Mohammad Zafar (2015) have recently
reported that when they visited classrooms and encouraged middle school students to ask

@ Springer



646 G. Singh et al.

them questions, they did do so. But their impressions were in agreement with those of
KP Madhu (2015) that students very rarely ask questions as part of the main discourse in
Indian school classrooms. We have not found any reports that challenge this perception.
Educationists, such as Padma Sarangapani (2003) and Krishna Kumar (1989) have given
supporting evidence for this from case studies and classroom observations, for example:

When students do ask a question, it is mainly in order to seek clarification. A student-
question which points towards new dimensions of the topic at hand is an extremely
rare event. A question challenging the authorised version of knowledge is unheard
of. Who has the right to ask questions and whose role it is to answer them, and what
kinds of questions are supposed to be asked by whom, are related to the total cul-
tural context of a society and to the conceptualisation of curriculum prevailing in its
education system. Family norms in India do not encourage children to ask questions.
Studies of adult-child interaction in Indian family settings indicate that questioning,
criticism, and independent decision-making are not among approved and encouraged
behaviours among children and youth (Narain 1964). Questioning someone older
than oneself, such as a teacher, is certainly not an approved behaviour; it is perceived
as an expression of one’s disrespect for the adult’s nurturant authority. (Kumar 1989)

In other countries also, most of the reports on the prevalence of student questioning
are not recent [as reviewed by Christine Chin and Jonathan Osborne (2008)]. James Dil-
lon (1988), and Douglas Barnes, James Britton, and Harold Rosen (1971) were among the
earlier researchers to report that recordings and observations of classrooms show that stu-
dents very rarely ask questions, or engage in discussions in which they address each other.
More recently, Patricia Almeida and Francislé Neri de Souza (2010) have reported from
Portugal that even when teachers used methods that aimed to be more student-centred, stu-
dents hardly asked questions. Teacher questioning clearly dominated and guided the class-
room discourse. In a study of question asking among college undergraduates, Pearson and
West (1991) reported that all students together asked at an average merely 3.3 questions per
hour. This comes to be about 0.10-0.20 questions by each student in each 1-h class. Simi-
lar observations have been made by Arthur Graesser and Natalie Person (1994), and they
reported an average of 0.17 questions per student in an undergraduate class.

Some research has indicated that students, especially as they grow older, do not ask
questions because teachers do not allow or encourage questioning, and/or because students
do not want to call attention to themselves (Chin and Osborne 2008). In many classrooms
student talk is restricted by rules such as not being allowed to speak without permission
(Dillon 2004). There are reports from India that students do not even engage in classroom
discussions: “When children speak, they are usually only answering the teacher’s questions
or repeating the teacher’s words” (National Council of Educational Research and Training
[NCERT], 2005, 13). Jayashree Ramadas and V. G. Kulkarni (1982) reported that students
very rarely initiate sequences of classroom conversation.

There are some reports that very young children ask fewer questions in school than at
home (Harris 2012). Beverly Falk and Linda Margolin (2005), as well as Dan Rothstein
and Luz Santana (2011), have suggested that as children grow older they ask fewer ques-
tions, but this is contradicted by Thomas Good et al. (1987). It is not clear whether their
questioning stops when children start going to school, or becomes restricted to outside of
the observed classroom discourse.

@ Springer



Understanding student questioning 647

Predominant pedagogy in India

Educationists generally advise that students should be encouraged to ask questions in sci-
ence classrooms. Indian national curricular framework documents suggest that teachers
should encourage student questioning, for example:

The curriculum must enable children to find their voices, nurture their curiosity—
to do things, to ask questions and to pursue investigations, sharing and integrating
their experiences with school knowledge rather than their ability to reproduce textual
knowledge. (National Council of Educational Research and Training [NCERT] 2005,
p. 13)

Only if children in, say Class VIII, can connect the chapter on photosynthesis with
the real plants around would they think of asking questions such as, ‘How do crotons,
which have coloured leaves but no green leaves, manage to manufacture their food?’
(ibid, p. 31)

However, despite such advice, there is a lack of questioning or dialogue in the class-
rooms, as we have discussed above. Although we doubt whether India has a uniform cul-
ture of not questioning, some aspects of the science education system in the country are
quite uniform. We will summarise the main features of this uniformity, and readers who
are not familiar with it can also refer to Sarangapani (2003), Kumar (1989), and Meenakshi
Thapan (2014). The curriculum is defined by State (or less often, National or International)
School Boards and prescribed textbooks (Thapan 2015). Science teaching pedagogies
are mainly transmissive. It is very rare to see students working in small groups or doing
activities. Despite its advocacy in Indian policy statements and textbooks, a constructivist
approach is rare. There are two dominant science teaching methods, which can be broadly
categorised as (1) teacher-lecturing, and (2) a pseudo-inquiry method. Combinations and
variations of these methods are very common throughout a variety of types of schools. In
the pseudo-inquiry method, teachers rather than students do most if not all of the inquiring.
Teachers ask questions, and the students answer. Most of the discourse involving individual
students is between the teacher and one student at a time. It is very unusual for one student
to address another student, except in low voices or whispering, which the teacher may tol-
erate or try to prevent. This method is dominated by the IRE triad: teacher Initiation (often
a question), student Response, teacher Evaluation or Elaboration, and its variants (Mehan
1979). Even in the rare cases in which students work in small groups and engage in discus-
sions without teachers, they work mostly on teacher-defined questions.

Inauthentic teacher questioning

As we have noticed in India, and as researchers such as Hugh Mehan (1979) and Barnes,
Britton, and Rosen (1971) have noticed in other countries, teachers mostly ask ‘known-
information questions’ which are aimed at checking students’ ‘knowledge’ rather than
engaging them in meaningful thinking or investigation. Martin Nystrand, Lawrence Wu,
Adam Gamoran, Susie Zeiser, and Daniel Long (2003) define such teacher questions as
inauthentic. Note that throughout this paper we are using this very specific definition of
the term ‘authentic question’, to mean only that the asker is ignorant of the answer and has
a genuine curiosity to find it (others have used the terms true, real, or genuine in the same
way).
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Teachers ask inauthentic questions as part of what we call the ‘school-school game’
they are playing in which they assess or try to get students to state answers and ‘facts’ and
develop ideas which comprise the pre-defined science content. We use the word ‘game’ in
the sense that it was used by Lev Vygotsky (1966), to signify that the situation is in a way
imaginary (or superficial). This is because both teachers and students engage in a rule-
bound process that is concerned more with inculcating discipline and acceptance than with
the goals of a more creative and transformative education. Their efforts to conform to the
rules are mainly explicit, and teachers realise that their questions are not authentic.

Although there are some advantages, there are many reasons why teachers’ inauthen-
tic questioning is problematic. This form of discourse, in which the questions are usually
closed, ensures that the teacher maintains almost total control over the proceedings, and
may too tightly circumscribe students’ thinking (Hanrahan 2006; Lemke 1990).

Lack of hands-on work

Even ‘practicals’ (laboratory sessions), which in most Indian schools begin only after Class
VIII, are considered separate from, and less worthwhile than ‘theory’ or science concepts.
Students may merely watch the teacher perform demonstrations rather than work with
their own hands. In a survey of Class IX school students by Gurinder Singh and Rajesh
Khaparde (2013), indicated that even when students did do some hands-on laboratory
work, there were no open-ended experiments. Instead, there was a stress on getting the
‘right’ results, and students had no opportunities to frame questions or design experiments.
A cook-book approach was followed whereby students were told the ‘recipe’ of what to do,
step-by-step, even including the expected observations and results. Such laboratory work
does not encourage students to develop questioning skills.

Is the dearth of hands-on work in Indian schools related to historical caste divisions?
As Kancha Ilaiah (2010) puts it, a culture has developed over past centuries in which Dal-
itbahujans have ‘more of an investigative psychology than an imaginative ability like the
Brahmans have.” Brahmans have been engaged with the world of ideas, spirits, ‘inner con-
sciousness’, reading and writing, and white collar corporate jobs, while Dalitbahujans,
have been forced to work with soil, minerals, plants, animals, and filth, and are therefore
constantly confronted by curiosities and problems of physical reality which demand inves-
tigation (and physical solutions) rather than just introspection. But their questioning and
investigating has remained unwritten and unheard by the intellectuals who hold power.
Their work has not been recognised as being ‘science’, even though it has led to many tech-
nological advances in agriculture, metallurgy, leather making, etc. The caste system and its
segregation of mind and body is thought to be one of the major factors that has inhibited
the development of science and technology in India. Therefore, our research is concerned
with studying these interconnections—and opposing caste division and the over-emphasis
of reading and writing at the expense of students’ oral discussions, questions, and hands-on
investigations.

Functions of student questioning

There are many advantages of students talking and carrying on discussions in which they
ask each other authentic questions, as discussed by Fred Biddulph, David Symington, and
Roger Osborne (1986) as well as in the review by Chin and Osborne (2008). Most of the
research on student questioning has focussed on its potential in helping students remember
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and understand text, or in a few cases, construct conceptual knowledge (Chin, Brown, and
Bruce 2002). Many of these researchers have also claimed that students’ questions give
them a sense of ownership, thereby engaging them emotionally in science education. How-
ever, we are interested in understanding the role of student questioning in the process of
scientific investigation of physical reality: framing questions for investigation, postulat-
ing and testing hypotheses, searching for, analysing, and evaluating evidence, etc. More
research is needed especially to better understand the dynamic interrelationships between
questioning, observing, and handling material, when they are done collectively. Rather
than studying questioning in order to understand questioning, we are more interested in
studying it in order to understand how students’ develop scientific temper and do science in
their everyday lives.

Mattias Lundin (2007) in Sweden, used a cultural framework based on Wittgenstein’s
concept of language games in order to study the use of questions in transitions between sci-
ence and everyday language games. However, we agree with Wolff-Michael Roth (2007a)
in the forum response to this paper, that it is not clear whether these two language games
can or should be distinguished from each other. As we will discuss below, according to our
framework and our definition of science, we do not see a clear or large distinction between
everyday and science talk. Mattias Lundin’s identification seems to be based mainly on
the topics, content, and word choice (jargon) of the talk. We are more interested in the
functions of questioning in the social process of doing science which includes investigat-
ing physical stuff. His reported examples were from classroom discussions which occurred
separately from physical acts such as manipulating and observing actual stuff. One of his
examples shows talk between students without a teacher, on the topic of food digestion
in the human body—a discussion which is based on their textbooks and previous classes.
Lundin concluded that the transition from an everyday language game to a science lan-
guage game required teacher support. As Roth points out in the forum, the teacher ‘sup-
port’ may have actually discouraged student questioning. In any case, the students had little
scope for making observations or doing hands-on investigations in order to help them find
‘science language’ answers to their ‘everyday language’ questions about how liquids and
solids are separated during digestion.

Sharada Gade and Lotta Blomqvist (2016), conducted a CHAT-based study of students’
exploratory talk in which they engaged in a process of dialogic inquiry that challenged
the social norms of the concept of measurement. The students kept transitioning between
‘spontaneous’ and ‘scientific’ concepts, with reference to their past personal experience.
Here also, the authors claim that the students’ discussions were made possible only under
the teacher’s guidance, in this case because the teacher was asking questions related to
improbable scenarios. However, we wonder whether the students themselves could be the
ones to ask confusing questions which could guide such discussions. If students are observ-
ing and manipulating stuff, might they engage each other in discussions in which they ask
science questions about the stuff without teacher support? Whether they would also try to
answer their questions by doing investigations without teacher support is another question.
Do these things sometimes happen in science classrooms or in students’ everyday lives,
and if so, under what conditions? These are the questions which led us to conduct the pre-
sent study.

Questioning in open-beginninged contexts

Chin and Osborne (2008) write that the most important function of students’ questions is
that they ‘indicate that the students have been thinking about the ideas presented and have
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been trying to link them with other things they know.” This is important, but we would
like to explore the creative potential of student questioning in forming new ideas, chang-
ing beliefs, and investigating new areas. In order to do so, it may be necessary to use an
approach which is not only open-ended, but also ‘open-beginninged’. The term open-
beginning has been used to define the openness of a problem/task in terms of its beginning
state (Wiliam 1998). Accordingly, a problem is more open-beginninged if it is open for
more than one interpretation by students or if students have greater autonomy/freedom in
interpreting it. Here we are using this term to define the autonomy given to the students to
formulate their own questions and problems within a given context. We find a paucity of
research on this topic.

There are not many studies of student investigations where the students have defined
their own questions for investigation. Notable examples are by Carolyn Keys (1998) and
Wolff-Michael Roth and Anita Roychoudhury (1993) in science, and Sharada Gade and
Lotta Blomgqvist (2015) in mathematics. In most cases, the teachers’ roles were important,
at least in initial stages. Chin and Kavalvizhi (2002) have suggested that students’ freedom
to define their own problems for investigation should be limited by confining their ques-
tions to prescribed topics (content areas), ‘to ensure that student learning is basically in
line with content objectives’.

Perhaps the function of questioning is not just to resolve conflicts, but also to cre-
ate and to recognise inherent (dialectical) conflicts. Asking questions involves learning
what one knows and what one does not know, and trying to figure out what questions
are more or less important or relevant. The dialectical essence of the process has often
been overlooked.

Culture and questioning

These days in India, conflicts regarding questioning have become prominent in social/
political life as well as in education. Whether stated or unstated, one of the main aims
of formal education appears to be the enculturation of children so that they unquestion-
ingly conform to fixed social ‘norms’ (Freire and Faundez 1989). Despite having a very
diverse and dynamic society, there are some claims that India has one social ‘norm’: an
essential Hindutva ‘culture’ (Noorani 2017). Some say that questioning the existence
or imposition of this culture is ‘anti-national’. Kalim Siddiqui (2017) discusses how it
is becoming increasingly dangerous to question this ‘culture’ or to express dissident
opinions, and several intellectuals who have done so have been murdered or imprisoned
within the last few years.

Is respect for authority—or an unquestioning acceptance of authority—part of Indian
culture? If it is part of the culture, is it one aspect that is relatively static and cannot or
should not be changed? We worry that the assertion of a fixed ‘culture’ might be used
to rationalise or defend the lack of student questioning and/or discussion in classrooms:
teachers may not even try to encourage student questioning. However, Hamid Ansari
agrees with Krishna Kumar and many other educationists that students do need to be
encouraged to ask questions.

But should questioning be confined to certain areas? Educationists need to worry
about socio-political reasons why questioning is or is not important: which questions are
to be encouraged, who should ask questions, and from whose point of view. Derek Hod-
son (1993) has claimed that science process skills are not transferable across domains.
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Although he and many other educationists have advocated science teaching as inquiry,
transformative education, and the inclusion of socio-scientific issues in the curriculum,
they have not focussed on questioning as a science process skill (Hodson 2014). If ques-
tioning is a transferable science process skill, then it may be difficult to confine it to certain
areas. Even the more controversial social aspects may not be ‘safeguarded’ from question-
ing. But is there a worry that if students start asking too many questions on one topic, they
may inculcate a habit of questioning which will be detrimental? This problem arose in our
minds after a senior teacher observed one of us (Karen) teach a middle-school class, and
said “Well this is all very nice, Karen, but you know, if students are taught like this, by the
time they come up to the senior school, they may start questioning everything!’

Returning to the quote we began with, is Hamid Ansari’s impression really correct,
or do children actually ask questions under certain conditions? Do students become
talkative and ask questions if teachers are less authoritative, if the atmosphere is more
relaxed, or if the pedagogy is more open-beginninged? Or even if they don’t ask author-
ities, do students ask each other questions outside of class? We were initially motivated
to do the research discussed in this paper in order to distinguish between these possibili-
ties. But rather than just making generalisations, finding evidence to confirm or reject
stereotypes, or looking for reductionist causes and effects, we decided to investigate the
dialectical process (practice) of student questioning in a context which differs from that
of the usual classroom, focussing on the following research questions.

Research questions

(A) Will a group of middle school students ask each other questions in a setting which is
less structured than their classroom, given a particular context (a variegated bhendi
tree), or do they need some amount of teacher guidance? To find out, we tried a series
of progressively more direct means to encourage the students to ask questions about
the tree:

Stage 1 Indirect The teachers (researchers) call students to the place near the tree,
saying only ‘Come here’, otherwise not talking to the students

Stage 2 Less indirect The teachers start looking at the tree so that the students get
interested in the tree

Stage 3 Somewhat direct The teachers start asking the students to look at the tree,
with ambiguous exclamations such as, ‘Oh! look!’

Stage 4 Most direct The teachers ask the students to ask questions about the tree

(B) What is the nature of the questioning, if any, that the students may engage in at each
Stage, and how and why will their questions evolve? As our work progressed, this gave
rise to the questions: Did the students ask investigatable questions? Did they search for
answers? And, were the students doing science?

Beforehand, we thought that the students may not ask any questions until we explicitly ask
them to do so at Stage 4, in which case they may not be asking each other, but asking in
response to our request. However, our research questions were actually authentic questions
in that we were really not sure of the answers, and we needed to know the answers in order
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to figure out how to facilitate teaching/learning situations in which students ask each other
questions.

Historical dialectical materialist framework
What is historical dialectical materialism?

Our work is based upon a framework in which science is considered to be a historical dia-
lectical materialist (HDM) process and the nature of physical reality itself is also essen-
tially HDM. We realise that nowadays, especially in the west, this framework may not be
very fashionable, so we will define and discuss it in some detail. We find it to be particu-
larly appropriate because, as we will discuss, it is concerned with trying to understand the
effects of dialectical contradictions. We think such contradictions may give rise to the pro-
cess of questioning, which is the topic of our study.

By ‘materialist’” we do not mean that only matter exists or that ideas do not exist. We
mean that: events occur that humans do not perceive; physical reality (i.e. ‘nature’) existed
prior to the existence of human beings and human consciousness; and human conscious-
ness does not exist separately from human bodies, as explained by JBS Haldane (1940).
However, for us at present, ‘nature’ means nature/society: the inseparable unity of the
human (social) and the non-human living and non-living environment, in their complex
interactions, interdependencies, and movement. This is in accordance with Marx’s (1844,
p. 143) description of the dialectical relationship between society and nature. Thus, accord-
ing to an HDM framework, reality is the inseparable object/subject: we human beings are
acting upon, studying, and doing science on a material world which is also acting upon us.
This social mediation is discussed by John Bellamy Foster, Brett Clark, and Richard York
(2010, pp. 215-247), and in a review of their work (Haydock 2017).

What do we mean when we say that nature is dialectical?

As Friedrich Engels wrote:

... the world is not to be comprehended as a complex of readymade things, but as a
complex of processes, in which the things apparently stable no less than their mind
images in our heads, the concepts, go through an uninterrupted change of coming
into being and passing away, in which, in spite of all seeming accidentally and of all
temporary retrogression, a progressive development asserts itself in the end. (Engels
1886)

As explained by Maurice Cornforth (1975) as well as Foster, Clark, and York (2010),
this means that in physical reality, everything changes, and therefore things do not exist
as things, but as things in the process of becoming something else. Thus we see the dif-
ficulties in thinking that a thing is identical with itself: because everything keeps chang-
ing and what is ‘self’ at one time no longer exists at another time. This is referred to as
‘self non-identity’ (Roth 2007a). This forces us to modify our everyday system of logic in
which A=A to use an HDM logic in which A # A. In other words, all ‘things’ are actually
processes, and things may not actually be what they appear to be. We use the term ‘histori-
cal’ to mean that physical reality changes in time. Furthermore, the character of change is
such that gradual quantitative change eventually leads to radical qualitative change. Thus,
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one process is replaced by another process which is qualitatively different. Actually, noth-
ing lasts forever in its same form. Another aspect of nature which makes it HDM is that
there are inherent conflicts and inner contradictions in all things/processes which keep the
whole in motion. Also, all things/processes are interconnected and interdependent. Fol-
lowing the interpretation by the marxist biologists Richard Levins and Richard Lewontin
(1985), dialectical relations are opposing aspects that do not occur separately in time as
causes and effects. They exist as a unity of inherent opposing forces (see Dialectics box).
However, these dialectical relations give rise to change in physical reality in time, which is
why our framework is called ‘historical dialectical materialism’ rather than just ‘dialectical
materialism’.

Dialectics

We are using a definition that is similar to the way Engels (1876) defined the laws of dialectics as the
transformation of quality into quantity, the interpenetration of opposites, and the law of the negation
of the negation. However, following Levins and Lewontin, we will avoid calling them ‘laws’, in order
to avoid the misconception that there is some externally imposed ‘law’ which causes things to behave
dialectically. Rather, we want to emphasize that nature is inherently dialectical—and non-teleological in
the case of non-human nature

Although processes in nature are dialectical, not all descriptions of these processes are dialectical. For
example, a description of a variegated bhendi tree growing slower when it gets inadequate water, is
simply a matter of cause and effect. It is not a dialectical description. But there are inherent dialectical
relations in the same process. For example, there is an inherent conflict because sunlight and water are
needed for photosynthesis, but sunlight also heats the leaves, increases evaporation, dries out the leaves,
and thus inhibits photosynthesis. White leaves reflect more sunlight, but are not as productive as green
leaves because they have less chlorophyll. This is not a matter of ‘balance’: if everything was balanced,
there would be no movement, growth, life, death, or evolution. The white leaves exist due to complex
interdependencies between social/historical material chance and necessity. They arose by chance due
to mutation and then the variegated variety of the tree was purposely bred in order to become a com-
modity. Thus the value of white leaves is dialectical (as is the value of any commodity as a use value/
exchange value, embodying concrete and abstract labour). These dialectical relations are not simply
causes and effects. Neither do they occur sequentially. Photosynthesis does not directly cause evapo-
ration. Neither does evaporation cause photosynthesis. Neither does one occur before the other. The
entire complex interrelated set of inherent dialectical relations and opposing forces are all part of the
process in which the tree keeps growing, or perhaps due to inadequate watering, gets gradually drier and
drier until it dies (which is an example of gradual quantitative changes leading to an abrupt qualitative
change)

If we use an HDM method to investigate the effect of inadequate water on the bhendi tree, we might
investigate these sorts of dialectical relations. If we use a less HDM method, we might investigate just
one aspect separately, say the amount of water needed to cause a certain number of leaves to fall, with-
out adequately considering opposing forces, nonlinear dynamics, or interconnections to other factors

Thus, we are using a definition of ‘dialectical’ which is what we interpret that both Marx
and Engels meant by it. In addition to writing about nature/society being dialectical, they
also wrote about the use of a dialectical method to understand nature/society. Realising
that physical reality is HDM, we need to use an HDM method of science to investigate
(and change) physical reality. The HDM world view as well as the method is what we call
marxism.

What do we mean by a ‘dialectical method’?
We are not referring to the form of reasoning in which a thesis is first countered by an

antithesis and then resolved by some sort of synthesis (Rodrigues, Camillo, and Mattos
2014). We are referring to a scientific method, although science is not always done in a
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very HDM way (see Dialectics box). We use the term ‘dialectical’ to refer to the type of
analysis that Marx (1867) uses throughout Capital: ‘to use material evidence and find dia-
lectical relations in it—relationships which reveal contradictions that explain how motion
occurs and why processes proceed the way they do.” (Haydock 2017).

Since nature itself is dialectical, even if we do not consciously try to find dialectical
relations—we may find them when we do science. Therefore, and also since we recognise
that our preconceptions and our ideological framework effect us as we do science, and that
doing science is a social process, it is useful to use an HDM framework (see Levins and
Lewontin 1985).

What is the HDM method of doing science and how does it differ from other scientific
methods?

Because our study is based on questions related to whether and how students do science,
we need to define what we mean by science according to our framework. By ‘method” we
do not mean a standardised procedure. In agreement with many other educationists and
scientists, we see the scientific method as consisting of a network of various interdependent
combinations, orders and numbers of aspects or elements of a ‘science toolbox’ (Wivagg
and Allchin 2002). Within this framework, questioning and observing are two fundamen-
tal aspects, and this is another reason why this framework is particularly appropriate for
studying student questioning. Our definition of an HDM method is not very different from
scientists’ common perceptions of a scientific method, such as the depiction in the Berke-
ley University website (The Real Process of Science 2017). We merely include a few addi-
tional aspects that help us to see the dialectics of nature. It is “fundamentally materialist,
though not mechanical, and concerned with interconnections and emergent order in nature,
though not functionalist” (Foster, Clark, and York 2010, p. 249). As discussed by Levins
and Lewontin (1985, p. 267), this method is not positivist—it is necessarily tentative and
subjective, influenced by emotions, and interdependent with social, political, and economic
systems. These interdependencies are complex, conflicting, and require attention from sci-
ence educationists. However, this does not mean that we deny the existence of an objec-
tive reality or the existence of misconceptions, truth, lies, or right and wrong. The point,
rather, is that, as Eleanor Duckworth (2012) says, “In science, the stuff is the authority”.
Furthermore, we cannot understand physical reality as isolated ‘things’ independently of
past things/processes: we need to study the historical relations between them.

When we do (natural/social) science, understandings are probabilistic and can be chal-
lenged, questioned, investigated, requestioned, and reinvestigated. They keep changing
as contradictory or new evidence is identified. New evidence keeps being found, partly
because physical reality itself keeps changing. In doing science dialectically, we need to
investigate how conflicts—inherent physical opposing forces—drive processes, rather than
thinking that processes follow basic, abstract ‘laws’. Due to interdependencies in physical
reality, it is problematic to do science in an overly reductionist manner, looking individu-
ally at separate aspects of things or processes without subsequently reconsidering interac-
tions with the larger context (Foster, Clark, and York 2010).

When we do the education research that we are describing in this study, we consider
ourselves to be doing science, and furthermore, doing it using an HDM method.
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According to an HDM framework, what is science education?

Using an HDM framework, we see science not as a set of ‘things’ or a bounded or inde-
pendent ‘body of knowledge’, but as a process of doing HDM science, and we see science
education as being concerned with teaching students to use this process and develop their
‘scientific temper’.

The quote by Hamid Ansari at the beginning of this paper was from a speech he made
on ‘scientific temper’, which is mentioned as a Fundamental Duty in the Constitution of
India. Scientific temper, as defined by Jawaharlal Nehru (1946, pp. 509-515), is similar to
but more broad than most definitions of ‘scientific literacy’, in that rather than just relying
on authority or faith, it includes the practice of using a scientific method throughout our
daily lives to ask and search for answers to all sorts of questions. It must go beyond the
domain in which science is professionally done, including the consideration of ultimate
purposes, beauty, goodness, truth, and socio-political aspects. Inline with the method of
HDM, it is concerned with exploring interdependencies, and it rejects a separation between
social and non-human natural science. The kind of scientific temper (or scientific literacy)
which we think is important, according to an HDM framework, is not concerned with indi-
viduals remembering concepts or performing science process skills such as remembering
how to use scientific instruments. These are things that people can learn as and when the
need arises—if they have sufficient motivation and scientific temper. Their learning can be
through the use of a scientific method which includes both experimentation and communi-
cation (e.g. discussion and reference to literature). Scientific temper is a collective, inter-
dependent property of people in particular environments with particular needs. Similar to
Roth’s (2007b) definition of scientific literacy, we agree that it is thus an emergent process.

Following Paulo Freire (1968), we see the value of (both natural and social) science
education in its possible role to encourage students to work together in order to question the
status quo and become more active participants in trying to create a better, more just and
equitable world. Countering this, there is a conservative effort to relegate the process of
science to professional natural scientists, and to aim science education more at sifting and
selecting students and teaching them to remember ‘the (sic) science content’, using cogni-
tivist theories that prescribe some universal laws of development based on the cognitive
structure of the mind [e.g. see Paul Kirschner, John Sweller, and Richard Clark (2006)].
However, according to an HDM framework, and in agreement with Anna Stetsenko and
Igor Arievitch (2002), we do not find any convincing evidence for universal laws of devel-
opment, and anyway we are more concerned with those who are being sifted out. We see
less need for people becoming walking encyclopaedias and more need for people to ques-
tion, critically analyse, and find physical evidence for or against what the encyclopaedia
says. Researchers have objected to a science education whose main objective is selection:
sifting most children away from becoming professional scientists (Roth and Lee 2002). But
the situation is even more appalling if science education is also teaching children to stop
doing whatever science they may be doing in their everyday lives.

Relation to similar frameworks, such as activity theory
Paulo Lima Junior, Fernanda Ostermann, and Flavia Rezende (2014) have analysed how
Vygotsky used a dialectical materialist method and whether or how a number of research-

ers in science education have used similar methods. However, we agree with André Rodri-
gues, Juliano Camillo, and Cristiano Mattos (2014) in the forum response to this paper, that

@ Springer



656 G. Singh et al.

Junior, Ostermann, and Rezende’s categorisation of dialectical materialism is problematic
and is not corresponding very well to that of either Marx or Vygotsky. Most importantly,
they have misinterpreted Marxist dialectics as being just a rhetorical devise involving ‘the-
sis, antithesis, synthesis’. The authors of the forum response also point out that Vygotsky
was less concerned with exploration of social historical interconnections than Marx was.
However, Junior, Ostermann, and Rezende argued that Vygotsky’s approach was to con-
centrate upon the analysis of activities and to look beneath appearances to search for actual
explanatory, dynamic relations—which is characteristic of a dialectic materialist method.

Vygotsky tried to understand child psychology, development, and learning as purposive,
goal-directed and mediated by material and symbolic cultural artefacts (tools and signs).
For example, learning about a physical process observed in the environment could be seen
as a goal-directed activity which is mediated by tools such as measurement devices which
are material cultural artefacts, and languages which are symbolic cultural artefacts. This
was extended and reinterpreted by Piotr Gal’perin and A. N. Leont’ev, who stressed the
social, interactive nature of development and learning, and the creation of cultural rules
that guide the mediation. This was further used to develop Cultural Historical Activity
Theory (CHAT), for example by Yrjo Engestrom (1999), which includes the dialectical
relations between rules, community, and the division of labour, in addition to the subject/
object mediation by artefacts in order to give rise to an outcome in an activity system. This
highlights the dialectical relation between individual agency and social structures.

Our HDM framework differs from a CHAT framework in that we are not investigating
goal-directed activity systems. Also, we do not define ‘cultural’ as being separate from
non-human nature. As we discussed above, we see nature as being one inseparable unity of
the human and the non-human. Similar to Activity Theory, we believe that historical (tem-
poral) changes in physical reality are the root causes of changes in thought, that inherent,
interdependent contradictions are driving forces of change, and that there is a dialectical
unity of subject and object. However, we are not investigating goal-directed activities in
which subjects (students or teachers) purposely transform or produce an object. The stu-
dents (and ourselves, the teachers/researchers) are merely interacting with each other and
with an object (a tree). Our effort was not to teach but to investigate student questioning in
an open-beginninged and open-ended context. Thus our focus is on identifying and under-
standing dialectical relations inherent in the stuff (the tree, etc.) and the students and in
their interdependencies with each other and the rest of nature/society.

How do our research questions relate to our theoretical framework?

e Our research questions demanded our investigation into the processes, interdependen-
cies, and inner conflicts in the workshop session we were analysing. We asked these
questions in order to understand the dialectics of what the students were doing in rela-
tion to each other, their environment, the teachers/researchers, and the larger nature/
society context. This also required us to explore how our observations provide evidence
to understand the nature of science and non-science.

e Since according to our framework, science is based on physical reality, we have chosen
to study students in their direct interactions with physical stuff (the tree).

e Because we think science and questioning are driven by contradictions, we have chosen
a particularly confusing tree, in which its inherent contradictions seem to be quite obvi-
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ous: its variously coloured leaves, root-thorns, leaf buds which look like flowers, no
fruits, an unknown name, etc.

e We focus on questioning because according to our framework, questioning is central
to the process of doing science and science education. Because of the importance of
observation and manipulation of physical stuff, we have chosen a context in which
observation and manipulation will be possible and likely.

e We use an open-beginninged approach because according to our framework, we need
to encourage students to develop their own scientific temper. This includes question-
ing throughout their lives, which they are more apt to do if they have more freedom to
define their own problems and areas for investigation than if they just follow the direc-
tion of the teacher.

Method of investigating student interactions
The context

Since we wanted to investigate student questioning, and we were not finding it in regular
classrooms, we decided to focus on interactions between students in a context which we
thought might lead to student questioning. We decided to conduct a workshop which would
focus on an ornamental tree, variegated bhendi (Talipariti tiliaceum—formerly Hibiscus
tiliaceus) in the garden of our institute, which has leaves of various colours: completely
green, completely white, white with asymmetrical patches of various shades of green,
red, red with white and/or green, various shades of yellow and brown, white with yellow
patches, etc. (Fig. 1). Knowing that leaves need chlorophyll in order to do photosynthesis
to make food, and that the presence of chlorophyll is indicated by the green colour, we
wondered how the white leaves could survive. Therefore, because we found it to be odd,
we thought this tree might be an interesting context that would encourage students to ask
questions. None of the researchers were very familiar with this type of tree. A number of
times during the analysis we had to go back outside to examine the tree and its environ-
ment in order to interpret the students’ discussions and activities. We also had to do some
internet research and investigations on the tree regarding its classification, flowering, thorn
production, and other properties. Thus, we were continuously learning about the tree and
its environment as we were learning about the students (and ourselves).

Fig. 1 The bhendi tree (varie-
gated Talipariti tiliaceum)
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Participants

The children in the workshop were Class VIII students (12-13 years old) from a neigh-
bouring urban, government-aided school, which we chose because of its proximity and
because most of its students were from lower-middle-class families of lower castes. For
many years, researchers from our institute had been having contact with the school: teach-
ing, conducting workshops, and interacting both formally and informally with students and
teachers. The students’ science teacher had already covered the topic of photosynthesis and
chlorophyll in Class VII. None of the students had their own phone or home computer,
and only a few had occasional access to internet. After an open invitation, six girls (Devki,
Mansi, Mohini, Roshani, Srushti, and Vaishnavi) and five boys (Ashish, Kaushtubh, Ketan,
Omkar, and Tejas) obtained parental permission and came to the workshop.

Five researchers acted as teachers during parts of the workshop and as observers
throughout: Kranti (Project Fellow), raised in a Maharashtrian village 3 h from Mumbai,
with degrees in agricultural sciences, Gurinder (a Ph.D. student), having 8 years experience
as a science teacher, mainly in Punjab, Rafikh (a Ph.D. student), raised in a small village in
eastern Maharashtra, Karen (a faculty member), from USA, with a Ph.D. in Biophysics and
30 years experience in science education in India, including about 10 years as a teacher of
school students and/or teachers, and K.K. Mishra (a faculty member) from northern India,
with a Ph.D. in Chemistry. The cultural diversity of this group is notable, as indicated by
the various places of origin, gender, caste, class, language, and religious backgrounds, and
it is significant that only one of the researchers come from upper caste backgrounds, and at
least three of us are from lower-middle class backgrounds.

Throughout the workshop, the students spoke mainly in Marathi, which was the mother
tongue of all of them. They were also able to understand, and to some extent speak in
Hindi, but they were not able to converse in English. All researchers were fluent in Hindi
and English, but only Kranti and Rafikh were fluent in Marathi (their mother tongue). Due
to neo-colonialism and the structure of the present political economy, Hindi, officially the
national language, is considered to be inferior to English (Kumar 1996). Marathi (a pre-
dominant language in Maharashtra) is considered to be equal to or at a lower level of hier-
archy than Hindi. Since we wanted to observe students interacting and conversing with
each other, we realised that we would have to allow and encourage them to speak to each
other in Marathi. Therefore, we did not try to speak to them in English, and at first we
did not say much in Hindi either. The students spoke to us in Hindi if they found that we
did not understand Marathi. Our use of Marathi probably helped to somewhat lessen the
power relations that created considerable divisions between us. In hindsight, we think the
researchers should probably have refrained from speaking in English to each other in front
of the students since this emphasized our position of dominance and interfered with the
students’ conversations.

Through classroom observations in the students’ school, and discussions with their
teachers, we found that the teachers do most of the talking, sometimes reading or asking
students to read individually or in chorus from the textbook. There were typically 50-80
students in each classroom. Both teachers and students speak in Marathi most of the time,
although the written work and answers on tests are in English. Teachers usually progress
through each chapter in order, translating and explaining the English science textbooks in
Marathi, and writing questions and answers on the board for the students to copy. Some
teachers also ask questions orally and the students answer individually (with or without
being called upon) or in chorus (for short answers and sentence completion), following
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an IRE format. The answers have usually already been given by the teachers or the text-
book. In the classes we observed we never heard more than 2 or 3 student questions per
40-min class. Not more than half a dozen different students ever gave individual answers to
the teacher’s questions. Before Class IX, demonstrations, laboratory sessions, group work,
and activities done by students are very rare or non-existent. When we asked the students
in our workshop, they said they had never done science experiments or activities in their
classrooms.

Workshop plan

In order to encourage the students to freely converse with each other, we conducted a
30-min warm-up activity at the beginning of the workshop. After everyone introduced
themselves, we all played a game together in an effort to become relaxed and talkative and
get accustomed to the cameras. In the game each person (students and researchers) took
turns to go off behind some bushes and change something in their appearance (e.g. move a
watch from the right to the left hand), and then the others would observe and discover the
difference. The game was played in a fairly non-competitive manner, without mentioning
winners or losers. There was a lot of laughter and the students did become talkative and
playful. During the game and afterwards, the students did not seem to pay much attention
to the cameras, except at a few points which we will discuss. This may be because taking
photographs and videos was not very uncommon in public places in the area in which the
students lived. Also, we had obtained videotaping permission from the students and their
parents beforehand.

We had originally planned the workshop in order to investigate a larger set of research
questions than those which we are presenting here. Therefore the workshop was divided
into the following sessions (spread over 3 days): Session (1) to collect the students’ ques-
tions about the tree by writing them on A3 sheets as we heard the students ask them (in the
garden of our institute); Session (2) to post the questions in the classroom of our institute
and ask the students how they might find answers to their questions (we also wanted to find
out whether they would mention aspects of the science process without us telling them);
Session (3) to ask the students to categorise their questions according to how difficult
or how long it might take to find answers; Session (4) to ask small groups of students to
choose one of the posted questions and write plans for how they will investigate it; Session
(5) to let the students go back outside and conduct their investigations, and record their
data; Session (6) to ask the students to come back inside and write reports of what they did;
Session (7) to present their investigations to each other and discuss the findings. Immedi-
ately afterwards we also conducted interviews with some of the students individually or in
pairs. We informally kept in touch with some of the students after the workshop, occasion-
ally meeting them on the street or in our library. Two years after this workshop, after most
of our analysis had been done and an early draft of our paper was being written, we invited
the same set of students back for another workshop to view the videos and discuss the
analysis and paper (and to revisit the tree). In this paper we will focus on the first session,
which occurred on 1 May 2014, near the variegated bhendi tree and lasted for 48 min.

Method of analysis
We are using the HDM method of doing science which we outlined above to do the

research which we will discuss in this paper. Thus, we are analysing material evidence
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(interactions between students, ourselves, and the environment) and finding dialectical con-
flicts which may be leading the students to ask questions and to do science.

During the workshop, we observed, took notes, photographed, and recorded using two
simultaneous video cameras and two audio recorders. We used the recordings for an exten-
sive transcription, translation from Marathi into Hindi and/or English, and analysis. Inter-
views with students were also video-recorded and analysed. We analysed the data using a
Conversation Analysis method (Roth 2005) in which we tried to analyse how social mean-
ing was constructed through the conversation, activity, gesture, and interactions between
people as well as between people and the environment (particularly the variegated bhendi
tree). We included ourselves as well as the students as subject/object of study, analysing the
effects of power relations and differences between the students’ and researchers’ percep-
tions and understandings. We tried to understand and interpret students’ meaning, reason-
ing, intentions, emotions, and signs of doing science or exhibiting scientific temper, con-
centrating on the progression of the group conversation rather than analysing the utterances
of individuals in isolation. Of special concern were the evolution of conflicts and question-
ing and their interrelations and interdependencies. In line with our HDM framework, our
identification and categorisation of questioning evolved as we analysed the data.

Analysis was done collectively by the authors and the other researchers and participants
listed above as well as project staff Kalpana Sangale, Ankita Sawant, and Swapnaja Patil,
all of whose help we gratefully acknowledge. The analysis required continuous referral
back to the original audio and video recordings, rather than a dependence on the transcrip-
tions and translations, which continued to evolve with repeated observation and analysis.
Thus, the transcription, translation, interpretation, categorisation, and analysis were all
interdependent and evolving throughout the research, requiring continual referral back to
the data for verification of our interpretations (Lincoln and Guba, 1985). Doubts and disa-
greements were discussed and in some cases remained categorised as questionable, with
alternative interpretations preserved. Photographs, and snapshots from videotapes were
also used to analyse and understand students’ meanings, expressions, and gestures. We also
made maps of student movements during the session in order to interpret their discussions
and activities. At various stages we shared and discussed tapes, transcriptions and our anal-
ysis with other researchers at our and other institutes.

Transcription notation

We use a transcription notation system which facilitates readability as a narrative. There-
fore, we mention times of the beginning of each utterance rather than using other notations
to indicate overlaps and pauses. The time is indicated in minutes and seconds from the time
the students started walking to the garden. Since they had rushed out ahead of us, they were
out of range of our audio recorders until 1:26, although they first came close to the tree at
1:18. When the identities of speakers are in doubt (due to the poor quality of the recording)
we have put question marks after their names [e.g. Mohini (?)]. For the utterances, we use
commas (,) to indicate short pauses, full stops (.) to indicate longer pauses (roughly one
full stop for each second), question marks (?) for explicit questions, and exclamation marks
(1) for emphasis. A dash (-) indicates that the speaker seemed to cut off their utterance
before completion. We give all utterances in the language in which they were originally
spoken, followed by translations into English in parentheses (). Translations are fairly lit-
eral, with explanations if necessary. In square brackets [] we describe actions, expressions,

@ Springer



Understanding student questioning 661

and gestures. Students’ questions are in bold. We will refer to the researchers as teachers
throughout, and show all their utterances in italics.

Analysing what happened in the workshop

We observed and videotaped the students the first time they were brought to the area
around the variegated bhendi tree, to see whether they observed it, what they said to each
other, and whether they would ask each other any questions about the tree. The researchers/
teachers kept quiet as much as possible, since we were interested in interactions between
students without adult input. In case a student spoke to us directly, we tried to just vaguely
acknowledge them. From the beginning, Kranti wrote each question she heard the students
ask on an A3 size sheet of paper. These sheets would be needed for the subsequent sessions
(discussed in a separate paper), when the students would work in small groups to select a
question to investigate with some teacher guidance.

We will first discuss whether and how students asked questions at each Stage, giving a
few episodes as examples. Then we will discuss the types of questions they asked, and the
chronology of questioning. This will lead us to a discussion of whether the students did sci-
ence, their agency, and the power dynamics.

Stage 1: Did the students ask questions spontaneously?

During the entire 48-min session there was literally no gap of more than 3 s when a student
was not talking. From the beginning, the students spontaneously formed pairs and small,
fluid groups of 3-5 (usually segregated according to gender) although they all remained
within hearing distance of each other.

Under the conditions of Stage 1, in which the teachers were most indirect, Gurinder
asked the students to come close to the bhendi tree, but without mentioning the tree, in
order to be relatively open-beginninged. The boys, including Tejas and Kaustubh, walked
past the bhendi tree to a Casuarina tree about 4 metres away. Apparently they were attracted
by the label attached to its trunk (the label was not part of our plan and the bhendi tree did
not have a label). The label contained the common name of the tree in Marathi, ‘{J,T
(which is the same as it’s Hindi name) and in English, ‘Mast tree’, followed by the scien-
tific name ‘Casuarina equisetifolia’ and ‘Family: Casuarinaceae’.

Our open-beginninged effort resulted in a situation in which the students did not ‘per-
form’ according to our expectations: they did not at first focus upon the topic we had
planned. In the students’ first conversation, they did ask some questions, but contrary to
our plan, they were about the Casuarina tree rather than the unusual variegated bhendi tree:

EPISODE 1

1:26 Tejas: F&. ATE tree. (Suru. Maast tree.) [reading from the label in Marathi and English]
1:27 Kaustubh or Ketan (?): ST 38 & ? (What is it?)

1:28 Tejas: ATE. (Maast.)

1:28

Kaustubh: [looking at the label] Mast tree. [pronounced H¥d, like the english word ‘must’]
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1:29 Tejas: [after looking up to the top of the tree] H¥d tree! (Intoxicated tree!) [as he touches
the tree trunk, loudly, jokingly, and smiling turns to the camera]

1:30 Kaustubh: #¥d tree! (Intoxicated tree!) [He smiles, then Ketan looks up to the top of the
tree]

1:33 Tejas: [Tejas again looks up] ﬁ?}g’_& ? (Where is it?)

1:35 Gurinder: [some distance away] S€N 3T T3 (Come over here.)

1:38 a boy (Tejas?): AE! (Intoxicated!)

1:39 a boy (Kaustubh?): #E! (Intoxicated) [Tejas, Kaustubh and Ketan all look up]

1:40 Kranti: A tree! (Intoxicated tree!) [gesturing to the Casuarina, then Tejas again looks up]

1:46 aboy: A REFTF 2 (s it Hindi?)

1:46

a student: TSTIEAT A FT ? (Can you climb?)

Thus, the boys collectively observed both the label and the tree top, and explicitly asked
four authentic questions, without any teacher direction. The first explicit question, ‘T
MY (What is it?) arose when the asker observed the label and/or heard Tejas read it,
but realised that he did not understand what it was. Then they smiled naughtily, clearly
because in their process of interactively decoding the text, they were confronting an amus-
ing conflict between the English name and the similar sounding word in Hindi that means
overjoyed, carefree, or intoxicated. This conflict between beliefs as to whether the word
was Marathi, Hindi, or English was expressed as the question ‘ﬂ'ﬁc’ﬁ FIE? (Is it Hindi?)
at 1:46. It is interesting that the first thing that attracted them was this label—an artefact,
rather than nature. From the interviews at the end of the workshop, we found out that there
were no gardens anywhere around some of the students’ homes. Thus it may not be surpris-
ing that the bhendi tree was not initially particularly curious to them—the entire garden
was new and interesting.

When Tejas asked, ‘fa&r 1'73 ?’ (Where is it?) he was probably trying to see the top of
the Casuarina tree, which was quite high. We think there was a conflict between his belief
that the treetop was there and his observation that the treetop was not easy to distinguish
amongst the other treetops. He probably looked up because he wanted to find out what the
tree was, through direct observation, and its leaves were all at the top.

We take this episode to be an indication of the practice of considerable scientific tem-
per, because the students engaged in an emergent, interdependent process of question-
ing, observing, communicating, and even touching the tree. Their analysis of the text was
interdependent with observing the tree, which led them to the consideration—or chal-
lenge—of climbing it, which could be seen as their very physical ‘embodiment’ of the
tree. Our analysis of this recorded episode led us (much later) to further investigate the
tree names, and we found out that the English common name, ‘Mast tree’ was a mistake—
Mast tree is actually Polyalthia longifolia (False Ashoka), which was cultivated because it
has one main, tall, straight trunk which (nostalgically, for Europeans) resembled Mediter-
ranean Cypress, and/or because it was used to make ship masts (although wikipedia now
claims that it’s ‘purpose’ is to alleviate noise pollution). Thus it’s interesting that we ini-
tially thought we understood more about the tree name than the students did, but we later
found out that even we were making a mistake. As we shall see, this was not the only time
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during our analysis that we felt humbled before the students, even though of course we are
in positions of privilege over them. In this case, it was not that the students ‘knew’ more
than us, but that they were practicing better science. They were observing and questioning
the name which we had not even noticed, and even showing a curiosity and humour which
was beyond us.

The girls had by this time gathered nearby, and they had the following conversation:

EPISODE 2

1:53 Mansi: 1T NSETIT 3¢ ? (What should we identify/look for?)

1:36 Devki: ST ? (Identify?)

1:56 Roshani: #IT d T o T gaT 3118 (Well there is that tree there (to identify/look at).)
[pointing to the Casuarina tree, smiling]

1:57 Karen: [to Gurinder] Bring that paper.

2:00 Devki: %’ SIrEde 3-11%' . (This is a hibiscus.) [pointing at the hibiscus next to the bhendi tree,
then laughing]

2:02 - .

Mohini (or Mansi (?)): del! (Come on!)

2:02 A girl: BTETR—T:IE (Yes, It’s a hibiscus)

2:04 Mohini (?): 3’23' T exam ﬂﬂaﬁ ? (What’s going on here—an exam?)

2:07 A girl: 3% €47 5% §°. (Oh—Ilook here) [probably referring to the hibiscus]

2:07 Roshani: [indistinct] 7oy 9Ty .. Fhebel H‘Iﬁ' T TTe. (The leaves—don’t you know—the
leaves) [at the same time Karen turns the camera to focus on the bhendi]

2:08 Devki: & 1T 318 ? (What is it?) [referring to the bhendi tree]

2:10 [Srushti turns and looks at the bhendi, with a finger on her teeth—Fig. 2]

2:11 Rafikh: o 1T GTEA ? (What do you think?)

212 Devaki: %’ T show T 3-11%' . (This is an ornamental one—using the english word ‘show’ for
‘ornamental’)

2:14 Rafikh: Show?

2:15 a girl: Show.

2:15 a girl: This, is, tree. [slowly, word-by-word, in English]

2:19

Srushti: White 9TeIrer SI1S. (White leaf tree.)

Fig. 2 Srushti looking at the
tree: at 2:11 Srushti was filmed
looking at the tree with one
finger on her teeth. We think
this gesture may imply that she
was asking herself an unvoiced,
implicit question, even though
she did not voice any question or
statement even afterwards
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Our interpretation is that due to the prevailing power relations, it is expected that the
students would try to figure out what the teachers wanted them to do. But they confronted
a conflict when they saw that the teachers were not acting as they believed teachers should
act. This led the girls to explicitly ask the question at 1:53. They began trying to iden-
tify the plants because they had heard the boys talking about the Casuarina tree and they
believed that plant identification would be an educational or science kind of thing that
should be done in this context. They were trying to play their part in the ‘school-school
game’. However, since no researcher was initially taking on the full role of a teacher (e.g.
giving directions and asking questions), the students themselves could and did talk to each
other and ask each other questions. They also tried to answer their questions. This seems
to be inline with what was claimed by Van Zee and Minstrell (1997): ‘Once students begin
asking questions, a vigorous student—student dialogue may ensue if the teacher refrains
from either asking or answering questions.” But when the girls started trying to name the
plants, they did not immediately try to name the bhendi tree, perhaps because it was unfa-
miliar to them and they were concentrating on playing a ‘school-school’ game in which
they would succeed—if they knew the answers. This game may have temporarily prevented
them from being more curious about more unusual things. However, as we shall see, the
students gradually deviated more and more from the usual game.

Stage 2: What happened when the teachers started looking at the tree?

In Episode 2, at 2:07 (see above) Karen purposely looked at and turned the video camera
she was operating towards the bhendi tree, and the girls did turn their attention to it. In
hindsight, we think we were too quick in moving to this Stage of teacher involvement, and
the students might have turned their attention to it even if we had not done so. Devki then
asked the other girls the first question about the tree: ‘€ T 3Tg 2’ (What is it?). Note
that for the other plants they were identifying, no one explicitly asked this question. Appar-
ently in this case it was asked because the answer was not known by the asker. Devki was
asking because she was confronting a conflict between the tree she was observing and trees
that she had previously seen. In subsequent session she said that she had never seen any
tree of this type before. We observed throughout the workshop that Devki tended to be one
of the most dominant students. The girls’ smiles and laughter may indicate that they were
amused or anxious or that they knew this game of identification was somewhat silly.

Although we had decided not to ask the students any questions or converse with them,
Rafikh asked two questions in this episode and the students answered, assuming their usual
role as students—with one student even formulating a sentence in English, as might be
required in school (perhaps this was also to impress others, a common reason to use Eng-
lish, although she has perhaps instead succeeded in ridiculing english hegemony). The
researchers had a hard time conforming to our own new rule of remaining quiet, since we
were used to playing the talkative ‘teacher’ role, in which we maintain control over the pro-
ceedings by asking questions. However, for the most part we did manage, and almost all of
the discussion in the initial session was between students. Our silence was made easier and
more authentic by our preoccupation with filming and recording, as well as because some
of us could not understand the students’ Marathi.

When at 2:19 Srushti named the bhendi tree ‘white leaf tree’, this was the first mention
any of the students had made of the colours of the leaves. It indicates that, just as we did,
she also saw the whiteness of the leaves as being remarkable—and contradictory. After
this, (at 2:21) Mansi asked, ‘g ®YeTd TS ATE?’ (What tree is it?) [laughing] and another
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girl repeated the question. It is interesting that although none of them knew its name, they
invented various names: white-leaf tree, mixed-colour tree, and ‘show tree’. This required
their agency as well as their realisation of lack of knowledge—a dialectical relation. We
see this as dialectical because a realisation of agency is empowering while a realisation of
incompetency (not knowing the name) is disempowering, so the two realisations are
opposing each other. However, the act of inventing names requires both these realisations
at the same time. Also, they may have realised that names have meanings and usually
refer to some characteristics of the thing being named. This realisation may be facilitated
by the cultural use of words with commonly known meanings even for people’s names
(e.g. Roshani means light, Tejas means energetic, Devki means god-like, Kranti means
revolution). The students’ passivity is imposed by their cultural standing as being lower
class, lower caste, and non-english speaking (and female, for some), so we did not expect
that they would realise that they had the agency to try to name the tree. Perhaps they
would not have done so if they were talking individually, directly to a teacher/researcher.

It is also interesting that the students recognised the tree as a ‘show’ or ornamental
tree, i.e. a tree which is bred, produced and commodified not for any use value except
for decoration in gardens. This implies that they saw the tree as obviously having certain
qualities—perhaps beauty, curiosity, or uniqueness—which are socially defined to have
exchange value. It was clear that the tree was someone else’s property, and they initially
assumed they were not supposed to touch it or disturb it.

At 2:44, after Roshani said it was a show tree, Mansi objected: “gY &T #I show T gs
3e, ET HIT Tl ATd FRET 3, AT (OKay it’s a show tree, but it should have
some name, no?). This could indicate a conflict between a belief that a general name is
adequate and a belief that a more specific name is needed. And/or it could indicate a con-
flict between the belief that a girl can assign a name and the belief that she cannot. None of
the students knew the common or scientific name of the bhendi tree, but (breaking the
usual school-school rules) they did not directly ask any of the teachers, and they stopped
talking about its name until (at 32:11) Roshani told Kranti to note down the question: ‘&
s FIoTd 38 2’ (Which tree is this?). Thereafter there was no talk about the name until
(at 41:19) Srushti noticed another tree nearby, and asked Kranti, ‘eITd AT 3/, A2’ (It
will have the same name, no?). This tree was a Thespesia populnea, known as bhendi in
Marathi. The variegated bhendi is in the same family, Malvaceae, although it is a different
genus. Kranti answered, ‘Don’t you know the name, bhendi tree?” One or two of the other
girls did know that the unvariegated tree was called bhendi, and they had used its leaves to
make whistles. It was interesting that Srushti could tell that the two trees were from the
same family, because the Thespesia is much taller and different in appearance. Both of
them have cordate leaves with reticulate venation, but then so do a number of other com-
mon local trees, such as the peepal tree, as Tejas pointed out at 44:48.

At 3:39, the girls started talking about their plans, whether they would come for the
workshop or go to their village for this summer vacation, etc. This was the only time we
heard the students having a conversation that was centred on social issues rather than on
what was in their environment. This conversation was also full of questions, although they
were what might at first appear to be ‘non-science’ questions. We question this categorisa-
tion, since we think that asking why we should do science, and how learning is related to
everyday activities, are actually integral parts of learning science. For example, at 4:08, in
reply to Devki asking her whether she would come to the workshop the next day, Mohini
said, ‘T, THT AT heTadl Jdr. (‘[1] will see, anyway it [the workshop] is so boring.)
But at 4:17 Devki asked the other girls to continue coming to the workshop, saying, ‘HaIT
JA (It is fun.) To this, Mansi replied, ‘1T IT? AAT? & RAFRIET AaY fF AT FI™TAT?
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(What? Fun? We are coming here to learn or have fun?), a rhetorical question indicating
that she thought, perhaps based on her school experience, that learning is not or cannot be
fun. This, as well as Mohini’s rhetorical question as to whether an exam was going on, at
2:04, were both asked as a result of the girls’ conflicting beliefs and observations as to
whether the workshop and learning are or are not fun. This conversation ended at 4:54
when the girls noticed that Kranti was writing “What is this?’ and after discussing whether
it referred to some tree, they again turned their attention to the tree.

An illicit experiment

At 2:26, Tejas was the first boy to ask a question about the bhendi tree (as he looked at and
touched a leaf which was mostly white with a little green): AT ) AT FH?I' o1?’ (Hasn’t
the colour gone?). Another boy, Ashish, immediately said, ‘GTeT sITgl STaTIdT Y, FBA
ATEY 1T 2’ (Don’t you know that you should not be touching it?) and Tejas moved
back. We did not hear Tejas’s question at the time, and in fact we did not hear many of the
students’ questions until we started analysing the videos. When we heard Tejas’s question
on the tape, we were puzzled as to the wording and what he meant. After spending many
more hours of analysing the videos, we found the following two fragments, which led us to
an understanding of his question:

EPISODE 3

6:26 [Tejas stands with his arm around Kaustubh, within 2 metres of the bhendi tree, both looking
intently at its leaves (Fig. 3a)]

6:28 [With one hand holding the video camera which is focussed on the boys, one of the teachers
(Karen) looks closely at the bhendi leaves, without touching them, and puts her finger to
her cheek with an admittedly overacted, puzzled look (in order to encourage the students to
look at the bhendi tree—but without actually asking them to look)]

6:29 [Tejas knocks Kaustubh’s head to turn it away from the tree, towards Karen (Fig. 3b)]

6:30 [Tejas points towards Karen (Fig. 3c)]

6:41 [Tejas mimics Karen’s gestures in a humorous way (Fig. 3d) (but without paying much atten-
tion to the bhendi tree), and they both laugh]

7:35 Tejas keeps looking at the bhendi leaves (Fig. 3e)

7:42 . . .

Tejas: N EI’%'E'EI' (Look in front) [to Kaustubh, as Tejas reaches out and scratches the green
part of a bhendi leaf which has both green and white areas (Fig. 3f)

7:44 Kaustubh: 2T ! (Stop!) [softly, as he leans out from behind Tejas, looking directly at the
camera Karen is holding]

7:45 [Tejas quickly withdraws his hands from the leaf (Fig. 3g) and then turns to the camera]

7:46 [Tejas raises his head and stares at the camera, while Kaustubh turns his head down and
away (Fig. 3h)]

47 Kaustubh: FT & ? (What is it?)

7:48 o . . .

Tejas: b, 8T (white, green) [as he again touches a leaf, and then Kaustubh nods his head
in agreement]

7:51 Kaustubh: Three colours. [looking at and touching the leaves]

7:53

Tejas: Three ATEY. Four colours. (Not three. Four colours) [after this, the boys on one side
and and girls on the other side continue talking about the colours of the leaves]
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Fig. 3 An Illicit Episode: Tejas
and Kaustubh doing an investiga-
tion to find out whether the green
colour can be easily scratched off
the leaves
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Fig. 4 Colour change? Paint chipping off a wall, compared to a variegated bhendi leaf

Our interpretation is that at 2:26 Tejas was asking an authentic question as to whether
the leaves used to be green but had now lost some of their colour. He was confronting
a conflict between the strange leaves he was observing and previous leaves that he had
observed. The variegated leaves may have reminded him of the way a wall looks when
its paint starts chipping off (Fig. 4), and by analogy he hypothesized that the green colour
was chipping off the leaves. He wanted to test this hypothesis by performing an investiga-
tion: scratching the leaf to see if the green colour comes off easily. However, he had been
warned by Ashish, and he was afraid that he might get in trouble if he touched or disfigured
them. He did not think that his question or investigation was valid or was considered to be
science in the eyes of teachers.

Demonstrating scientific temper, Tejas did not give up on his original question. At 7:42,
more than 5 min after he first posed it, when Ashish was some distance away, he joined
his friend, Kaustubh, and asked him to watch the teacher (Karen) and tell him if she looks
at him while he scratches a leaf. Maybe Kaustubh knew what he wanted to do and was a
partner in the investigation. In any case, he did help Tejas, and when he saw Karen looking
he told him to stop. Then they each pretended in their own way that they were not doing
anything wrong: Kaustubh looked down and away, and Tejas defiantly looked straight at
Karen, with an expression of contrived innocence (Fig. 3h). After all this, Tejas and Kaus-
tubh tried to behave themselves by returning to what they thought (or what they thought
the teacher would think) was a more innocent activity—of just naming and counting the
colours of the leaves—which is actually a less adventurous science investigation of the
implicit question, “What are all the colours of the leaves?’ Interestingly, they also switched
from Marathi to Hindi and English, as they conformed to the supposed requirements of
‘school-school’. This reminds us of an episode Shirley Brice Heath (1982) reported of a
young boy internalizing his teacher’s inauthentic questions by asking, e.g. “What colour dat
truck? What colour dat car?’ on the way home from his first days at nursery school, rather
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than the authentic questions such as, ‘How da firemen know where dey going?’ which he
asked during his pre-school-going days.

Colours of leaves

The students also had the following interactions regarding the colours of the leaves on the
variegated bhendi tree. They were walking around close to the tree, observing it, and point-
ing at it as they spoke. By this time they were also touching and manipulating branches and
leaves, although not plucking or disfiguring. They had become more relaxed and less wor-
ried about our expectations after seeing that we did not admonish them.

EPISODE 4

9:05 Vaishnavi: IT SATST I IS colours TETI 3-]1%?[ Green, brown colour, white... (We
should see all the colours on this tree. Green, brown colour, white...) [softly, to Srushti
(probably no one else could hear), while looking at and pointing to leaves]

9:10 Srushti:... [inaudible—leans towards Vaishnavi, glancing towards camera]

9:13 someone [probably a boy]: Green! [as Devki goes away to pick up a Champa flower to make
aring for her finger, as Vaishnavi had done]

9:26 a girl: Pink 9TeT 3118, (There’s a pink leaf.)

9:27 a girl: Pink. [as Vaishnavi moves leaves aside]

9:29 Roshani: Pink #AT&T. Light pink. (Not pink. Light pink.)

9:30 a girl: GERT colour &@r. (See another colour.)

9:32 a girl: Light pink.

9:34 Devki: Chocolaty.

9:35 a girl (Vaishnavi (?)): Yellow YTeT LHI’E\r (There is a yellow leaf.) [waving at some leaves]

9:36 Vaishnavi [pointing at a leaf]: Brown.

9:38 a girl: Yellow. Brown.

9:39 a girl: Green.

9:40 a girl: White.

9:43 a girl: Pink 9TeT 3118, (There is a pink leaf.)

9:44 Devki: Chocolaty colour 1T 3118, Chocolaty. (There is brown colour. Brown.) [as she goes
forward, bends down, and touches some leaves]

9:46 Mohini: Light pink. [leaning towards Devki and looking where Devki is looking]

9:46 a girl [Vaishnavi?]: Skin colour. [also leaning towards Devki]

9:47 Vaishnavi: Skin colour 3-TI%' 4. (Look, there is skin colour.)

9:48 a girl: Brown. [Srushti has her hand on Vaishnavi’s shoulder]

9:50 a girl: Light pink.

9:52 a girl: Brown. Brown colour. [Vaishnavi puts her hand on Mohini’s shoulder]

9:54 Devki: ﬁ?a' colour. (Henna colour.)

9:35 a girl: AEST colour ATET.... (Not henna colour...)

9:59 Vaishnavi: Light green 9TsT 31Tg. 37TT0T dark green. (There is a light green leaf. And dark
green.)

10:04 Roshani: Light green. Orange.

10:05

Devki: YTeT white o1 é 3-11%' 3135!?{3%'013' (The leaf is not [proper] white colour.)
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10:07 Vaishnavi: A& 31T U3 39T 3178 &T. (I know, its quite different.)

10:08 Devki: ERT=T 31T AT colour . (The colour of the house—maybe referring to the
building nearby)

10:09 Mohini: Brown. Light brown.

10:11 Srushti: xkq! [clicks tongue to say no!]

10:13 [Srushti takes Mohini by hand, goes to another part of the tree, and shows her a leaf]

10:18 Ashish (?): Golden.

10:20 Vaishnavi (?): 31T SYSITAT §€ T ? GISATET chocolaty colour AT 4T (It looks like a horse,
no? A chocolaty horse colour... [difficult to hear]

10:22 Mohini: HaT A 31T, (Then that’s it.)

10:23 Gurinder: T §HT? (What s ir?)

10:24 Srushti: @ geet T colour HIeT AT § T&T T 2 (What are the colours of the leaves there?)

10:26 Mohini: Dark colour.

10:28 girl: FYTHT ? (Which one?)

10:29 Mohini: & brown HIET 3Tg @l =1T. Purple 37Tg . (Its not like brown, its like purple.)

10:34 Roshani: & purple %’ (It’s purple.)

11:08 Devki: Golden sTT8T o ST {@T (It’s most certainly not golden.)

11:10 Mansi: Golden.

11:10 Srushti (or Vaishnavi (?)): Golden 3T 3r&al ? (Golden looks like this?)

12:29 :che i

Ashish: Golden colour 3-11%' (There is golden...)

12:32 Devki (?): T8 golden! (There is no golden!)

12:34 Ashish: g7 & golden. (It looks golden!)

12:35 Other girls: §T T golden 3T¥ !? (This is called golden!?)

12:37 Ashish: 2ITeTT, JFeTel TEAT 31TU1E\F|'3?|T (Stop, I’1l go get your spectacles!)

12:38 girl: . TS ! (Go get them!)

12:39 Girl: 1 SrerelT <[ (What did he say?) [Ashish leaves and joins the other boys.]

12:42 Kranti: 31X $17g #¥ehT. [laughing] (Hey don’t fight.)

12:47 Tejas: & T 38 ? (What is this?)

12:49 Ashish: 37&. (Alu. (Colocasia)) [referring to the plants growing below]

12:52 Tejas: HE:S\H'I?I'BTI%' (It’s not alu.)

12:55 Kaustubh: Nine 3T qqf:éf 12T TS golden! f&HATH. (In 9 o’clock sunlight everything
looks golden!)

12:56 boy: #Y qfger axar golden 3R, (The top part is golden.)

12:57 Ashish: 73T 3T #AT! Il H'I?'I‘\H 9 1. (We told them, but even so they don’t under-
stand.)

13:00 Kaustubh: aX golden 31Tg =T, Taahelell OTeT 9UT 318 d. (The upper part is golden. There are
ripened leaves.)

13:25 someone from boys talking about ripened leaf [barely audible]
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13:34 Roshani:... AT &? (Which colour is...?)
13:34 Overlapping voices: Golden, yellow, brown...
13:36 Devki: [looks at the tree from a distance, then walks over to it, keeping her eyes on it, then

reaches out to the leaves] Brown 3{1% (It’s brown.) [spoken while touching a leaf. Then she
immediately turns and walks back]

This episode was actually a continuation of the conversation about the name of the
tree and leaf colours which had started at the end of Episode 2. The students’ effort to
create a name for the tree had evolved into an effort to observe the tree more closely,
which led the students to start naming the different leaf colours they saw (from 2:19 to
2:37). When they first started naming colours there may not have been any underlying
question. They may not have doubted that they knew what colours of leaves there were.
It seemed that one glance had revealed the colours. Only after they spent some time
observing and stating one colour after another did they realise that they may not be
observing all the colours or knowing all the colours’ names or how many different col-
ours there were. Their listing colours makes it clear that they were searching for colours,
and were asking the implicit question, ‘What colours are there?’ At 9:05, Vaishnavi
made this question explicit, but she was whispering privately to Srushti. After the stu-
dents continued observing and naming various colours, Gurinder asked Srushti, ‘What
is it?” when he did not clearly hear what she was saying. Srushti replied, loud enough
that all could hear (at 10:24), al Yedl &T el isT AT & d8T & (What is the colour of
that leaf there). This made the explicit question accessible to the entire group, and they
continued to investigate colours. Thus, we see this as an example of a discussion of an
implicit question which got stated explicitly later on.

This type of process of observation may not be uncommon: at first glance thinking
that we know what something looks like until we look more deeply and find out that
things look differently and that we do not know or we disagree with each other about
what we are seeing.

Thus the students’ questioning emerged through what we claim is an HDM process.
That is, it was based on several internal conflicts regarding the material that they were
observing and interacting with: (a) a conflict between knowing what colours of leaves there
were and not knowing what colours of leaves there were; (b) a conflict between observing
a colour and not knowing what name to use for that colour; (c) a conflict between know-
ing that leaves are normally green and observing leaves of unusual colours; and (d) con-
flicts between different students regarding the colours of the leaves. In this process, implicit
questions emerged and became more explicit.

Here again we see that the students were not just questioning and discussing but also
investigating the tree in order to answer their questions. In this case, they were observ-
ing, identifying, classifying, communicating, and naming the colours of the leaves. At the
time, we were surprised that they were so involved in investigating and arguing about the
colours. We claim that their arguments were not just a matter of not knowing or not agree-
ing as to which colours there were—they were also not knowing what names to use for
the colours. The words they chose to use to describe colours are very interesting. Many
of the Marathi words for colours are derived from plants and nature, but instead of using
these, they tended to use English words—using more English here than at any other time.
This is not surprising, since the hegemonic English names of colours are probably one
of the first things that they were taught in school, and using English conveys social sta-
tus. They later told us that ‘chocolaty’ is Marathi, and was the only word they knew for
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brown—apparently the original Marathi words have decreased in usage. However, as with
tree names, they also took the agency to invent their own names for colours, based on other
things with similar colours, such as a house and a horse.

It was also interesting that although the most common leaf colours were various shades
of green, white and reddish (in that order), the students were concentrating particularly on
browns and golden. We doubt that it is just coincidental that these two types of colours
also have important social/economic significance. ‘Golden’ signifies a colour as well as
the characteristic of being made of gold, which is of course extremely important to the stu-
dents (and all of us) as a mysterious dialectical commodity which is a use value/exchange
value. Gold is not what it appears to be: ‘Thus much of this will make black white, foul
fair,/Wrong right, base noble, old young, coward valiant...” The browns have connotations
which (often erroneously) signify skin colours, races, and castes, and the students explic-
itly referenced this in using the terms, ‘skin colour’ and ‘mehandi’ (henna, the dye that is
applied to decorate hands and dye hair). There may be a contradiction between what one
perceives one’s own skin colour to be and what one perceives a leaf’s colour to be. It may
be considered demeaning to perceive that the colour of a person’s skin is actually darker
than ‘skin colour’. The apparent tint depends on the social (cultural) context as well as the
surrounding colours and other aspects of the physical context. As Kaustubh pointed out at
12:55, the colour of an object depends on the light which it reflects. For these reasons, it is
not easy to identify these colours.

Some other examples of student questioning

The students also asked and investigated the questions, ‘Does the tree have thorns?” and
‘Does the tree have flowers?’ Although they might at first appear to be trivial, these ques-
tions were rather difficult to answer because the tree had unusual ‘root thorns’ and pecu-
liar stipule buds which resembled flowers. Having flowers is a process which occurs over
time, not a thing that exists at one particular time. Since flowering may be at various stages
of development, it may be difficult to find evidence for it. The students investigated these
questions by handling, observing, reasoning (including analogic and inductive reasoning),
and communicating with each other.

A 10 second example of this is shown in Fig. 5, in which Mansi demonstrated genuine
critical thinking by doubting what she heard her friends say because it was contradictory
to her own observations. This led her to investigate by looking more thoroughly for thorns,
finding them, and then changing her belief. If the circumstances had been less conducive
to the expression of scientific temper, she might have just believed what her best friends

fight o her left)

Fig. 5 Mansi doing a 10 second science investigation: a time sequence of photo grabs from a video
recorder which was being held amongst the branches of the bhendi tree, facing Mansi. The time in minutes
and seconds is shown above and Mansi’s utterances are shown below, along with our interpretation of what
she was doing and thinking
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were saying without looking. In this and other examples, the students demonstrated good
observation skills and authentic discovery. In fact, they were more observant than we were.
Perhaps our previous ‘background knowledge’ had constrained us to be concerned mainly
with the leaves, and therefore we never noticed that the tree had thorns.

This dialectical process of questioning arose partly because the material stuff the stu-
dents were observing was itself dialectical: the leaves were in the process of changing col-
our as they developed and every leaf was different from every other leaf. The leaves were
not inherently members of separate, individual categories. The same colour appears to be
a different colour, depending on the social context and the light and shade and the other
colours surrounding it.

Did the students discuss and ask questions about the bhendi tree because they noticed
us looking directly at the tree? It is hard to tell, because we looked at the tree a number of
times, and we noticed a variety of reactions: e.g. they began to discuss the tree (at 2:07);
they changed their focus from the tree to us (at 6:28); or they walked away from the tree (at
7:10, although in this case we are not sure if they had just seen us looking at the tree). In
any case, they did look at, discuss and ask each other questions about the tree before Stage
3, when we asked them to observe.

Stage 3: What happened when students were asked to observe?

The first time we directly asked the students to look at the bhendi tree was long after they
had already started looking at it and talking about it, at 17:56 when Karen said, ‘37T&T $¥R
373 N ¥ a’@t =T F @) (Come here. Look at this. Look carefully.) [referring to the
tree in general]. Devki responded by coming close, looking carefully, and saying, ‘el T
%"ﬁ'wow%‘a’ﬁ?ﬂ'wm' a’aﬁ'?wmmmwhlte 3 J. @relr 319
gy BIET BICT. gy Sl IR N (Where? Oh WOW' How nice it is there! Look there—
that pink-pink Whlte is so nice!)

Devki continued to make a big effort to observe and state her observations to Karen,
who was focussing the camera on her. At one point she congratulated herself: F @ IgT
hole §... T TATTUT TG 3ATUUT! AT 1! ATSTRA! AT TSeh, QMaTer!” (Look,
there’s a hole here... [then walking away] What an observation I’ve made! Hurrah! Very
good! Very good girl, very good!) (at 22:35). She seemed to have fallen into the teacher’s
game, telling her observations in order to please the teacher. Although we might think that
what she said actually mocks our intentions, it is doubtful that she was purposely mocking
us, considering her interactions with us throughout the workshop. Also, she was talking
about observations of things that were quite remarkable and that conflicted with what one
might expect to observe.

We see some interesting changes in what the girls did and said before and after they
were explicitly told to observe the tree. While they were actually looking carefully at the
tree even beforehand, afterwards they continued looking and began stating one observation
after another without asking as many questions. This was an unexpected result. We thought
that if we asked them to observe they would observe more closely and if they observed
more closely they would also ask more questions.

Devki had asked 10 explicit questions before 17:56, although only two of them were
related to the bhendi tree. But after she was asked to observe, she did not ask any explicit
question until after 29:52. More significantly, she started stating observations about dif-
ferent topics without pausing to answer or further investigate any one of them. Our inter-
pretation is that making an observation became an end in itself, because it satisfied the
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teachers’ assignment. After being asked to observe, her main implicit question seems to
have become, ‘What else can I observe?’ Her observations before she was asked to observe
seemed to be less contrived, more spontaneous, and maybe even more relevant, important,
or basic (although perhaps also simpler).

Stage 4: What happened when students were asked to ask?

The first time we asked any of the students to ask questions was at 29:52 when Karen
said to the girls (in Hindi), ‘Any more questions about these things?’ Interestingly, they
did not react by just trying to think of questions, they turned to the tree and observed it.
Mohini started looking at and prying apart some leaves, but when Karen directly asked her,
‘Hmmm?’ she investigated a little more, but then stopped and said ‘No.” and walked away.
But as the following dialogue shows, Devki reacted differently when she was asked to ask.
She generally appeared to be more confident of herself and talkative, even as she tried to
speak in Hindi, which she was not able to do very well:

EPISODE 5

31:22 Devki: [clicks her finger as if she got an idea] ‘Ant 3 UTeT eat ST
FIAT %’.’ (The ant is eating this leaf.) [to Karen]

31:26 Karen: 5’7' (Yes.)

31:29 Devki: ‘¥ ¢HT BIET BT ﬂWT 31Ted.” (Look here—there are little
tiny ants.)

31:32 Karen: ‘T g9 § 3608 TR & ? (So do you have any questions about
this?)

31:36

Devki: ‘Leaves ®l—ant eat HIAT % 4T ?° (Do ants eat these
leaves?)

She may have clicked her finger because she suddenly put two observations together—
her previous observation of small holes in the leaves and this observation of ants. Although
she has stated it explicitly upon request, we don’t know whether the question of whether
ants eat leaves is an authentic question in her mind. This is an example of how just because
a question is explicit, it does not necessarily mean that it is more of a question than if it
were just implicit. In this case we did not explicitly discuss with the students whether or
not this is an authentic question, but we did have such discussions on some implicit and
explicit questions related to the leaves. We found that it is not easy for students to identify
which of their own utterances are really questions or questions with answers they do not
know. They often seemed hesitant to say that they were not knowing the answers.

This episode is an example of one of a number of episodes which made researchers feel
embarrassed while analysing the videos. Although we did not speak as much as we usually
do when we are teaching, in hindsight it seems that we were speaking too much, inter-
rupting, and also making it difficult to hear what the students were saying at a number of
places in the recording because we were talking to each other. In this case Karen was ask-
ing Devki to ask a question at a point where it was actually unnecessary, since Devki had
already been asking questions. Furthermore, Karen’s question was both didactic and lead-
ing. Exercising her power over a student, she seemed to be making Devki turn her former
statement into the form of a question. On the other hand, one could argue that a useful role
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for a science teacher is to try to make students’ implicit questions more explicit, as we will
discuss in the conclusions.

Devki proceeded to observe and come up with more questions based on her observa-
tions. Between 29:52 and 46:00 she asked six explicit questions, all about the bhendi tree
or the insects on it. One was the implicit question (around 40:00) which she also inves-
tigated: ‘Do the leaves hold water?” She made a cup out of a leaf with assistance from
some other girls, and tested whether water passed through the leaf, was absorbed, or was
retained.

Significantly, we also found that in both Stages 3 and 4, the student—student interac-
tions decreased, interactions between one teacher and one student at a time increased, and
the student work became more individual, as is shown in the case of Devki. We suspect
that this decrease in collaborative work between students is one of the factors that led to a
decrease in investigating.

Towards the end of the session, when the boys were asked if they had any more ques-
tions, they began dictating them quickly one after another to the teachers. Some of these
questions appeared to be recollections of questions which had previously been asked dur-
ing the spontaneous discussions. The students were still standing right next to (or inside)
the tree, observing and touching it, which must have helped them remember or frame new
questions.

Some of these questions did not appear to be related to each other. For example, (at
43:13) Ashish dictated the question: “IT 31131% T NS FH FI? (How is it that the
plant is having different colours?). Immediately afterwards, (at 40:20) Tejas glanced at the
base of the bhendi tree and dictated: ‘9T 31T3'I'iﬁ 31'3' 3refy IR &I 3relt 3Mmeda?” (Why do
the roots come out above ground?). There was no further discussion on this topic; imme-
diately afterwards Kaustubh showed Tejas a leaf bud and Tejas asked a question about it.
These questions do appear to be authentic, although some of them appear to have been
framed in order to satisfy the teachers’ specific assignment rather than as part of a process
of investigation.

In other cases, one student’s question seemed to have been influenced by other students’
questions. For example, questions about whether leaves were one colour or another colour
had gradually evolved, and probably later led Ashish (when he was asked to ask questions)
to state the question (at 44:25): ‘¥ SITSTAT AT SIEd fahdll LY U1 1A 2° (How
many different colours of leaves can grow?). Perhaps this is what then led Omkar to state
the rather different question (at 45:12): ‘§ SITS SIgT dTed degT T FT ggoid 2’ (Why
does this tree change its colour as it grows?). The initial questions were quantitatively
similar to each other: they differed only with regard to the value and number of colours (Is
it golden? Is it brown?). But, although it is related to leaf colour, the question about why
these colours change over time is a qualitatively different sort of question. This could be an
example of a dialectic change: how the gradual, quantitative evolution of questions leads to
a new question which is qualitatively different.

What kinds of questioning?

Questions can be identified and defined in terms of forms and functions, meanings, causes
and effects, answers, actions, the intentions of the asker and/or the interpretation of the
hearer—which may be very complex and difficult to discern. Based on our HDM frame-
work, and since we are interested in the role of questions in the process of learning, we
are more interested in the process of questioning than in identifying particular questions
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as forms or entities in themselves. Thus we have to analyse questioning in the context in
which it occurs. Our categorisation evolved as we analysed our data, and we found that the
questioning could be defined as the following overlapping categories. We will also discuss
how the dialectical nature of each type became clear.

Explicit and implicit questioning

In the languages we have used in our studies (Marathi, Hindi, Punjabi, and English),
explicit questions (also called direct questions) may be identified by the use of WH signi-
fiers (who, what, why, where, how), word order, or by the use of a typical inflection or rise
in intonation on a particular word, all indicated by question marks when the questions are
transcribed. Some authentic questions are not asked with any of the above indicators.

During the beginning of the workshop we thought the students were tending to make
statements rather than ask questions, but we thought maybe there were implicit questions
behind their statements. For example, they were saying that the leaves are white, pink,
brown, or that one leaf is thinner than another or that fallen green leaves become yellow as
they become old. Behind these statements they may have been asking themselves, “Which
colours of leaves are there?” ‘Is this leaf thinner?” and ‘Why are the leaves different col-
ours? Do they change colour?’

However, when we later viewed and analysed the tapes, a different picture emerged.
We found that although it was sometimes difficult to determine which utterances were
questions, there were certainly many more questions than we had first thought. But it also
became clear that we had to include and distinguish between relatively explicit and implicit
questioning, as well as relatively authentic and inauthentic questioning.

We have found two main types of implicit questioning:

(a) Verbally expressed, but not in the form of an explicit question (‘I wonder if this is really
a flower’, or “This is a flower... No, this is not a flower’ both imply that the speakers
have the implicit question, ‘Is it really a flower?”)

(b) Expressed, but not verbally (a quizzical facial expression, e.g. Srushti, Fig. 2)

Perplexity may be expressed in many nonverbal ways. For example, a quizzical look
may be indicated by furrowing brow (Fig. 5), raising eyebrows (perhaps just one eyebrow),
opening eyes wider, glancing to the side, or by smiling or opening the mouth, as in sur-
prise. There are various gestures that may indicate perplexity, such as shrugging, raising
and turning a hand inwards, pointing, scratching one’s head, putting a finger or a pen on
one’s teeth or lips (Srushti 2:11), or various kinds of fidgeting. It is only in the context of
the process of social interaction that such signs can be analysed and understood. We saw
examples of all of these in our workshop, and they helped us to identify and understand the
process of questioning.

Implicit questions might be either conscious or subconscious, but we will not try to
distinguish between the two. Also, we are not here concerned about questions which are
consciously formed, but not expressed in any form (e.g. thinking in one’s inner voice, ‘Is
it really a flower?’, but remaining silent and inexpressive), which are also called covert
nonverbal questions (Greg Kearsley 1976).

Implicit questions can be included in what Vygotsky (1966) called unvoiced, inter-
nal speech, which he distinguished from two types of audible speech: private and exter-
nal, depending on whether it is directed primarily to oneself or to others. Vygotsky also
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Fig. 6 Srushti’s internal (implicit) question as to whether there are flowers becomes externalised in a ques-
tion: a at 15:55 she looks frustrated; b at 16:07, fidgeting and ¢ at 16:12, explicitly asking herself whether
there are flowers

identified a process by which learners hear external speech (perhaps of a teacher) and then
personalise it by talking aloud to themselves, and finally internalise it fully by ‘self-ver-
balising’, talking silently to themselves. This is a dialectical process, in which the person-
alisation includes implicitly or explicitly confronting conflicts between the learners’ and
teachers’ beliefs.

We propose that in the process of student questioning, this sequence may sometimes be
reversed. One example we found of this was when Srushti seemed to have a conflict—an
internal question about flowers. The conflict arose between what she observed and her
prior conception of the definition of a flower. (Even her prior conception of what a flower
is may have been unclear or conflictual.) The things that appeared to be flowers were some-
what different from other flowers in her past experience. But they were also similar. She
could not fit them into her pre-conceived categories. We interpret this as an example of a
self non-identity type of HDM logic. They were flowers and simultaneously they were not
flowers. She expressed the conflict as an implicit question of type (b), expressed nonver-
bally through fidgeting and an expression of frustration (Fig. 6a, b). A few seconds later
(Fig. 6¢) she asked herself out loud, looking at the tree, the private question, ‘31X 3Tge f&&
A gﬁ?’ (Hey, are there flowers or not?) [looking directly at the buds (Fig. 7)]. Then

Fig. 7 Possible flowers: it may be difficult to immediately tell whether these plant parts are flowers, leaves,
flower buds or leaf buds. Some of them are actually leaf stipules. Immature stipules can be pried apart to
reveal tiny, folded leaves inside. We have never observed actual flowers or fruits on this tree, although we
have seen them on other specimens of variegated bhendi
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she took Mohini by the hand, pulled her to the tree, showed her some buds and at 16:23
asked her out loud the external (explicit) question, T gﬁ' 3med HIY (Are these
flowers?)

As Piaget (1923, pp. 1-29) also pointed out, people, and especially young children,
have a tendency to sometimes use an audible ‘internal’ speech, in which they ‘talk to them-
selves’ rather than to communicate with others, even though an audience may be required.
We noticed many examples, in addition to this private (internal) question Srushti asked,
in which students appeared to be asking their questions to themselves. We think this is an
important part of the process of making implicit questions explicit. Perhaps forcing students
to be silent inhibits this process. In typical classrooms, students’ implicit questions may not
evolve into personal or explicit questions because students are not allowed to talk to them-
selves or to each other. Attempting to individualise, internalise, and cerebralise the inher-
ently social and environmentally interdependent process of learning may be self-defeating.
Does such individualisation necessarily increase as teachers take on more explicit teaching
roles in the classroom—or is there some way that teachers can try to circumvent it?

It may be difficult to say that an implicit question occurs at a particular moment, since it
may be formed in the inner-mind before it is expressed in any way, and also it may evolve
over a period of time. For example, as we mentioned above, the implicit question ‘What
colours of leaves are there?’ gradually evolved during the naming of colours. This is also
an example of a question that existed implicitly before it was made explicit.

Both explicit and implicit questions may be ‘group questions’, which are formed by two
or more people interacting with each other. In the case of explicit group questions, two
or more people may verbalise the same question at the same time, or one person may fin-
ish the question another person started. Questions may get clarified or modified as they
are stated by more than one person. An example of an explicit group question occurred
at 43:14 when Gurinder did not understand the question Ashish dictated to him in Mar-
athi and the question was translated to Hindi simultaneously by Ketan and Tejas and then
repeated in a slightly different form in Marathi by Rafikh as he wrote it down. In the case
of implicit group questions, several people make utterances, gestures, etc. which imply that
they are working together to ask the question (e.g. “What colours of leaves are there?” was
an implicit group question). This is an example of ‘unconscious collective consciousness
[which emerges] from the embodiment of experiences in an inherently social and material
world’” (Roth, 2007b)—i.e. it emerged from the group physically interacting with the same
tree. Translations between languages played an important role.

Authentic and inauthentic questioning

Like explicit questioning, implicit questioning may be authentic or inauthentic. We
define questioning as being authentic if the askers realise that they are not very sure of
the answers. For example, at 2:08 Devki asked her friends the explicit authentic question,
‘What is it [the tree]?” and we later confirmed that she did not know its name. Also, all
the questions in Episode 1 we classified as authentic. Of course, this classification is not a
binary—there is a range of authenticity.

Rhetorical questions are one type of inauthentic question, if the askers think they know
the answer. For example, at 33:49 Tejas said: ‘Blue P 8 T2 81?2 Blue Ftft 3T H1
3!13"” (Why you are looking for blue [leaves]? When are plants blue?). This comment
is also interesting in that it indicates that Tejas has judged that this is not a question worthy
of investigation, presumably based on his past observations. Evaluating the importance and
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relevance of questions is important in doing science, and therefore this is a sign of scien-
tific temper. Rhetorical questions are also explicit, as shown here by the WH signifier and
the inflection. They are usually asked in order for the asker to build an argument, and there-
fore Dillon (1983) has called these types of questions ‘expressive/argumentative’, or when
the asker also answers, ‘self-answered’. In agreement with Dillon we find that these types
of questions are very common—in some discussions they are even the most common type
of question. Sometimes they may be addressed mainly to oneself, as if one is thinking
aloud and considering conflicting ideas, which points to their dialectical and emergent
nature: being statements and questions all at once.

Confirmation questioning is another example of rather inauthentic questioning. A con-
firmation question is often a statement with a ‘, no?” appended to it, which makes it an
explicit question. An example was Mansi’s question at 02:44: ‘gY =T #IT show T 1S e,
1 I ™TelT g FRETH 34, AT (Okay it’s a ‘show’ tree, but it should have got
some name, no?). Perhaps the last word is added in order to soften the statement or make
the hearers more likely to agree—forming a leading question (e.g. at 3:50 Devki said to
Mansi, “FH3T ¥ &3, AT 2’ (Then come alone, no?). Or, it could be an emergent question:
the asker began to make a statement, but then decided to change it into a question as it was
being voiced. At what point was it a statement and at what point was it a question—or was
it always a statement in the process of becoming a question, or both, or neither a statement
nor a question?

Both rhetorical and confirmation questions may have some implicit authenticity. Rhe-
torical questions may be requests, inviting the hearer to agree or react (Francisca Snoeck
Henkemans 2009, p. 16). Confirmation questions may be asked because the asker has some
lingering doubt, or wants to check whether the hearer agrees. There seems to be a dialecti-
cal logic to such processes of questioning, and we cannot say categorically whether they
are authentic or inauthentic. Therefore, we have categorised some rhetorical and confirma-
tion questions as both authentic and inauthentic.

Investigatable and non-investigatable questions

Investigatable questions were defined by Christine Chin (2002) as those that ‘allow stu-
dents to generate and collect some original data, analyse and interpret their findings based
on these data, and finally make a conclusion that addresses the investigative question
posed, on the basis of available first-hand evidence.” We agree to this definition—except
for the word, ‘finally’ and the implication of steps in one particular order, rather than a
network of mixed-up aspects (which cannot even be separately distinguished in time). Our
identification of questions as being investigatable was often verified by evidence that the
students actually did investigate: they collected data in an effort to find answers. For exam-
ple, they searched for and identified various colours in order to answer the question, ‘What
colours of leaves are there?’ and they tested the thickness of leaves by feeling them in order
to find out whether some leaves were thinner than others.

Basic questions of reality are one kind of question that is relatively non-investigatable.
These are similar Piaget’s (1923) definition of ‘questions of reality’. For example, at 38:23
Roshani asked, “@0TTelT {31 & 2’ (Who found this [the eggs]?) We thought in this
context this question was too simple, specific, and inconsequential to be investigatable. Our
classification also depended on how the question was answered, and in this case the answer
was clear and uncontested.
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Questions of language may also appear to be relatively non-investigatable, and we have
tentatively classified them as such. Some examples are, ¥ %ﬂ’f T %?’ (Is it Hindi?) asked
by a boy at 1:46, and ‘EFIE}Ti?IT FIT Siefdrd a2’ (How do you say thorn [in Hindi]?)
(Mansi, 14:27). Of course even these sorts of questions are actually investigatable from a
linguistics, historical, and cultural perspective. Here again, our classification depended on
whether the questions were investigated by collecting evidence that went beyond simply
asking an authority.

Rhetorical, procedural, confirmation, and clarification questions are also non-investiga-
table. Procedural questions were about what the students were doing, or were supposed to

Table 1 The distribution of questions students asked on each topic

Topic Explicit Implicit Total questions
questions questions
Bhendi leaves 37 15 52
Bhendi flowers and fruit 12 0 12
Bhendi thorns 5 3 8
Other aspects of bhendi tree (identity, branches, roots) 19 3 22
Other plants (causaria or colocasia) 11 0 11
Insects (ants or eggs) 24 2 26
Social talk (e.g. where do you live?) 12 1 13
Figuring out what to do (e.g. What should we identify?) 15 1 16
Not sure what topic (e.g. what?) 2 0 2
Total questions asked by students 137 25 162

These are non-overlapping categories

Table 2 The distribution of

different types of questions Students’ questions (total) 162
Authentic questions 140
Investigatable 73
Procedural 23
Clarification 22
Basic questions about reality 16
Questions of language 7
Inauthentic questions 33
Rhetorical 25
Confirmation 10
Teachers’ (researchers’) questions to students 44
Clarification (authentic) 20

Asking to ask questions (authentic)
Probing (mostly authentic)
Rhetorical (inauthentic) 7

Some students’ questions belong to more than one category. Also,
in case we could not decide how to categorise a question, we have
assigned the question to more than one category (e.g. there are 11
questions for which we were not sure whether they were authentic or
inauthentic so they are included in both categories). The terms are as
defined in the text
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be doing. Clarification questions were similar to confirmation questions, but were more
probing and authentic, with the askers being more unsure of the answers.

Chronology and distribution of questions

Upon analysing the 48-min session by the tree, we heard the students make 522 utterances,
of which about 162 were questions. We define an utterance as any talk made by one person
which is more-or-less not interrupted by another nearby person’s talk. Each utterance was
at least one word, more often a short sentence or two, or rarely, more than 25 words long.
In Tables 1 and 2 we show the distributions of the different types of questions. Rather than
claiming that these numbers are precise or significant in themselves, our objective is to
give a general idea of the variety, bearing in mind that the classifications are very approxi-
mate (in cases of doubt, we may have assigned a question to more than one category.) Nev-
ertheless, we think it is significant that we heard the 11 students ask more than 3 questions
per minute, which compares to the total of 3 questions that we heard their entire class of 61
students ask in a 40-min classroom period that we later observed with their usual teacher
conducting a science class. Also, there was no student who did not ask any investigatable
questions, showing how collective the session was, even though no one made any effort to
involve all students.

We see that the students asked a large number of authentic questions, more than half of
which were investigatable (73 of 140). This occurred even though we never talked to the
students about investigations or mentioned that we would like them to ask questions for
which they could somehow find answers. Their investigatable questions were on a variety
of topics (Table 1), but more were on the bhendi leaves than any other topic, in agreement
with our hypothesis that they would find the leaves questionable.

How many questions at each stage?
Figure 8 shows diagrammatically how the questions and topics of discussion were dis-

tributed over the 48-min session. We counted 287 student utterances before we directly
asked the students to observe (at 17:56, when Stage 3 began), of which 72 (about 25%)

Students’ discussion topics and questions during their time at the bhendi tree
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Fig. 8 The distribution of students questions and topics of discussion throughout the 48 min session near
the bhendi tree. The colour strip at the bottom indicates the topics of discussion between the students. Just
before 19 min, two different groups of students were discussing different topics, and this is indicated by
double colours. Each question asked by a student is shown by a black bar at the time it was asked. The long-
est black bars (labelled with purple triangles) are investigatable questions, and the intermediate length black
bars (labelled with blue circles) are basic questions about reality. The teachers first asked the students to
observe the tree at 17:56, and we first asked the students to ask questions at 29:52. These signify the transi-
tions between Stages 2—-3 and 3—4. The transition between Stages 1 and 2 may have occurred at different
times for different students, between 2:07 and 6:28. (Color figure online)

s

Topics of discussion
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were questions. During Stage 3, the students made 86 utterances, 24 of which were
questions (28%). During Stage 4, which began (at 29:52) when they were first asked to
ask questions, we heard the students make 151 utterances, of which 66 were questions
(44%). We suspect that the students may not have been able to ask so many questions
in Stage 4 if they had not already spent more than half an hour observing and discuss-
ing the tree.

Significantly, there were a large number of explicit investigatable questions even
before Stage 3. It is interesting that between 1:15 and 3:00, we counted 49 student
utterances, of which 18 were questions (all explicit), and this included 7 questions
about either the leaves or some other aspect of the bhendi tree. There were four ques-
tions about the identity of the tree, one about the absence of colour, one rhetorical
question about not touching it, and one incredulous repeat of another student’s ques-
tion. Over the 48 min, most questions were authentic (about 80%), and inauthentic
questions were fairly evenly distributed.

Most of the procedural questions occurred in the first 9 min (in Stages 1 and 2).
Initially the students appeared confused because the teachers were not giving them
any instructions, and they asked each other what they should be doing. Even at 8:18
when Roshani asked the other girls, it was clear that none of them knew. But when at
8:47 we asked Srushti and Vaishnavi what they were whispering to each other, Vaish-
navi asked, ‘colour?’ apparently inquiring whether they were supposed to be looking
for leaf colours. Although Gurinder responded with a joke rather than affirming their
guess, they resumed looking for colours. Soon after this they also realised that we were
writing their questions on A3 sheets, and by 14:51 Roshani had taken it upon herself to
help Kranti by dictating to her the questions the other girls were asking.

Only 6 of the 72 questions students asked before Stage 3 were directed to teachers,
and 7 out of 24 in Stage 3. Most of these questions to teachers were indirectly elicited
by the teachers, in that they were asked immediately after a teacher requested clarifica-
tion (e.g., Srushti’s question at 10:24). Apparently students felt more comfortable talk-
ing to a teacher after the teacher initiated the talk. In Stage 4 most of the questions (43
out of 66) were directed to teachers since they were in reply to their requests to ask.
Thus in all, 56 out of 162 questions were directed to teachers.

As shown in Table 2, most of the teachers’ questions which were directed to stu-
dents were for clarification (e.g. ‘What did you say?’). We asked only nine authentic
‘probing’ questions in order to ask students to think deeper or differently (e.g. ‘Whose
eggs are these?’ ‘Have you tried it [using the leaf as a whistle]?’) We wondered
whether a more dominant student might take on the role of a teacher, using IRE meth-
ods. But there were no IRE sequences between students. This contrasts with the report
by Carol Rees and Wolff-Michael Roth (2017) that in the absence of teachers, students
engaged in IRE triad dialogues.

We analysed the data to find out whether there was a difference between the kinds
of questions students asked before and after they were asked to ask questions. One dif-
ference was that the questions they asked afterwards were more focussed on the tree
or the insects, and less on social matters. They also included a larger number of ‘why’
questions, and questions which might be considered to be higher-order critical think-
ing questions according to Bloom’s taxonomy. There were also a higher percentage of
investigatable questions, and questions which the students later judged would require
more time or be more difficult to answer. However, after they were asked to ask, they
did not spend as much time investigating the questions to find answers. When they
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Table 3 Students’ questions related to bhendi leaves, as sorted into three sets by the students

Simple to answer/requiring less time
1. Is this leaf completely white? (Devki 10:05)
2. Is the leaf golden? (Devki 11:08)
3. What is the colour of dried leaves? (several students 13:35-13:50)
4. What is that growing near the petiole of a young leaf—a flower or a leaf? (Srushti: 15:40)
5. Is this leaf thinner than the other leaf? (Ashish 18:45)
6. Does the flower close to the leaf [stipule or bud] have the same colour as the leaf? (Devki: 19:19)
7. Do smaller leaves have more serrated [crenate] margins? (probably Srushti 21:33)
8. Why is the venation in the pink leaf more clearly visible than in the white leaf? (Vaishnavi 24:11)
13. Does the leaf hold water? [Does it absorb or repel water?] (Devki 40:06)
Not so simple to answer/requiring somewhat more time
12. If we pluck the leaf, will a new leaf grow from the same place? (Devki 32:55)
15. How big can the leaves of this tree grow? (a boy 48:00)
17. Why are white leaves smaller than green leaves? (Roshani, in classroom)
Difficult to answer/requiring more time
9. Why some young branches are pink and some are brown? (Srushti 28:00)
10. How does the colour of a leaf change from it’s emergence to falling? (Ashish and others? ~29:00)
11. Does the leaf dry out after being green? (Ashish 29:23)
14. Why are there dots on dry leaves? (Kaustubh 45:36)
16. When a leaf gets ripe [mature], the white part remains white but the green part turns yellow? Why? (in
classroom)

18. Do white leaves make their own food? (in classroom)

The name of the students who asked the question and the time in minutes is shown in parentheses. As indi-
cated, a few of the questions were added later in the classroom discussion sessions. This list includes only
the questions we heard during the session. When we listened to the recordings we found that they had asked
many more questions

spontaneously asked questions, they were observing, interacting with, and thinking
about the tree, seeming to be genuinely motivated to ask questions.

Moving from simple to complex questions

In a subsequent indoor session, we asked the students as a class to sort their questions
which were about the bhendi tree (the ones which had been written on A3 sheets) into
one of three sets on bulletin boards: (1) those which might be easy to find answers to by
doing something within the remaining 2 days of the workshop; (2) those which may not
be so easy or may require more time; and (3) those which would surely be too difficult or
would require more than 2 days to find answers. The students sorted by rough consensus,
as shown in Table 3. As may be expected, the simpler questions were generally asked ear-
lier and the more difficult ones later.

Did the students do science?
Although we did not realise it at the time, after viewing and analysing the videos, we saw

that the students did do science, according to our broad definition of science. For each
investigation, the students engaged in different orders and combinations of several elements
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of the ‘science toolbox’. For example, the investigation of leaf colour included the hypoth-
esis that the colour may come off easily, and was tested by scratching. The investigation
of whether the tree had thorns included the hypothesis that thorns could be felt by run-
ning one’s hand over a branch, and this was tested. Other investigations, such as the flower
investigation, did not include hypothesis-making. The investigation of whether colour
comes off when a leaf is scratched was done without much communication or discussion.
Even the results were never voiced. On the other hand, the investigation of whether the tree
had flowers included discussion and reasoning between five girls. All the questions (except
for a few procedural questions and a few which were concerning social relations, such as,
‘Where do you live?’) were connected to observations of things in the students’ immedi-
ate environment, even in the cases where no investigations were done to find answers.

We also noticed that they often had some difficulty deciding whether or not their ques-
tions were questions or whether they already knew the answers. We take this as evidence of
how seeing, touching, hypothesizing, communicating, and questioning evolve simultane-
ously in an interconnected manner in a small group. This emphasizes our belief that sci-
ence is a process, not a static thing. It also leads us to consider another teaching objective:
for students to be ready to consider compelling evidence which contradicts even a strongly
held belief in order to resolve contradictions. In other words, we hope that students are
learning that in doing science, they must keep questioning and referring back to the ‘stuff’
as the authority (Duckworth 2012).

However, we doubt whether the students were thinking that they were doing science
during this session. For example, (at 29:39) Devki said ‘C.1.D. Gredld 31T90T. [laughing]’
(We are playing C.I.D.—referring to the popular crime detective series on TV), and (at
38:26) she said, QU game WU, s1T?° (Can we play a different game?), indicating
that she thought of the activity as a game. In our conversations with the students after-
wards, they gave us the impression that they thought science is what scientists do, not what
students do. However, this was because they did not use the same definition of science that
we are using. When we discussed science and viewed the videos in the follow-up workshop
2 years later, they did seem to agree that they were asking questions, observing, testing,
and investigating.

The students’ efforts to answer their own questions were based primarily on observing
rather than just reasoning. However, they did use inductive, deductive, and analogic rea-
soning. For example, Mansi used deductive reasoning when she stated (at 15:44) that all
‘SITSTeIl” (trees) have flowers, and so the bhendi tree must also have flowers. Of course, this
generalisation must itself be based on her own or others’ previous observations, and obser-
vations are also influenced by previous experience and ways of thinking. When the stu-
dents were trying to figure out how or why insect eggs were stuck to a leaf, Roshani made
an analogy to the way ‘magic balls’ stick anywhere. Another student said they should put
the leaf back where they found it because the mother who laid the eggs may be looking for
them, making an implicit analogy to the way human mothers care for their children. Induc-
tive generalisation was used in connection with many of the observations the students
made (e.g. when Srushti and Vaishnavi saw very few thorns on a few branches and con-
cluded that the tree does not have many thorns).

Student agency—was the joke on us?
There were differences between how different students interacted with the bhendi tree, and

how their interactions changed over time, wavering between passivity and agency (Roth
2007c). Initially, most students hesitated to touch the tree because they thought they were
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not supposed to do so, or just because they were not motivated to do so. Some, like Tejas,
took the initiative to start observing and touching, others did so only after seeing other
students doing so. Their agency/passivity dialectic could be resolved through collective
action, first between Tejas and Kaustubh, and then expanding to include others. By the end
of this 48-min session, as a group the students were touching and manipulating the tree,
although they did not go so far as to pluck any leaves, buds, or branches until the next day.

Episode 3 seems to indicate that Kaustubh and Tejas are defying the hegemonic power
structure and making fun of Karen, who is easily identifiable as an older white foreigner, as
well as a teacher. We think they were purposely making the researchers appear to be fool-
ish by imitating our antics. But they actually also ended up making us feel foolish in two
ways. One was that their imitation made us realise how ridiculous our research methods
were: we were ‘play-acting’ in order to try to make the students observe the tree and ask
each other questions about it—but actually they were already observing the tree and asking
questions, and our antics just made them stop observing it and pay attention to us.

The other way they are making us feel foolish is by demonstrating that they did science
in a way that we did not think would be possible. We thought they would not do science
investigations before we told them to do so. We thought that since they had never done sci-
ence investigations before, they would not know how to do so. We thought they would have
to first frame their questions—which perhaps they would not do until we asked them to
ask questions—and they would not immediately try to find answers. We thought we would
have to help them think about ways to investigate. We thought they would need our help
to plan experiments before they could conduct the experiments. We thought they would
have to write their plans beforehand, record their results during the experiments, and write
their conclusions afterwards. We thought they would need teachers to teach them how to
do science. But what happened is that as teachers, even though we were trying to suppress
our ‘teaching’, we were actually in a number of ways inhibiting the students from doing
science. (In hindsight, perhaps this is not surprising, given the pedagogical ideology and
kyriarchy of the system in which we are embedded.) Now we see that our initial thinking
about the students was condescending and patronising.

The students not only started asking investigatable questions without our telling them
to do so, they even started investigating and finding answers to their questions. The irony
was that they thought they were not supposed to be doing all this, and they had no idea
that this was actually what we wanted them to do, or that it was science! This interpreta-
tion was supported by our later discussions with the students. When we watch the videos,
we often cringe. Some of us are quite disappointed to see how we were not listening to the
students, we were interrupting them, and misinterpreting and not understanding what was
going on at the time. Even now, we must be misunderstanding to some extent, but after
spending so much time observing and listening to the students on the videos, it seems that
we understand much better than we did initially. When the students watched the videos,
they found them to be hilarious (partly because when they viewed them they were 2 years
older). However, their initial expressions of embarrassment, if any, were accompanied by
signs and statements that showed they were also quite happy with themselves.

Conclusion: students asked questions—and also did investigations

In order to understand students’ questioning outside of their classroom, we investigated stu-
dent talk in a context which was not just open-ended, but also relatively open-beginninged.
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When we brought the students close to an unusual variegated bhendi tree without giving
any instructions (Stage 1), they spontaneously engaged in discussions without teachers in
which they asked each other authentic questions. It was unclear whether the attention they
paid to the tree was dependent on the teachers’ looking at the tree (Stage 2). However,
when we asked the students to observe the tree (Stage 3), they stopped asking each other
as many questions until we explicitly asked them to ask questions about the tree (Stage 4).

Although we purposely tried to ensure that the students would eventually ask ques-
tions, they engaged in much more questioning and at earlier Stages than we had initially
hypothesized. The same students who do not ask questions in their classrooms with their
regular teachers, did ask each other questions in this context, even before they realised that
this is what we wanted them to do. Almost a third of their utterances were in the form of
questions, and most of their questioning was ‘group questioning’, which arose collectively
through discussion.

We were surprised that the students also spontaneously and collectively investigated
several questions they raised by handling the tree, closely observing, discussing, and even
carrying on experiments without being asked to do so. They did not initially ask for or get
answers or guidance from teachers. In fact, their initial investigations were done illicitly,
because they thought they were ‘not allowed’. Doing their own investigations and not ask-
ing authorities for answers indicates that their curiosity was genuine and that they were
exhibiting considerable scientific temper. For example, they asked and investigated the
questions: ‘Have the leaves lost their colour?’, “‘What colour leaves are there?’, ‘Does the
tree have thorns?’, ‘Are some kinds of leaves thinner than others?’ and ‘Does a leaf hold
water?’

We used a historical dialectical materialist (HDM) method to do our analysis, which we
found was appropriate because the nature of the bhendi tree was itself HDM. The students
themselves also used an HDM process in doing their questioning and investigating.

What kinds of questioning did they do?

Most of the students’ questioning was related to the unusual tree and its colours that were
contradictory to what one thinks of as being ‘normal’ leaf colours. However, they did
not spontaneously ask the same questions that we had asked ourselves when we first saw
the tree, such as how a white leaf can do photosynthesis. Although their regular teachers
had previously asked them to memorise ‘the facts’ about photosynthesis and chlorophyll
at a very elementary level, they did not recall these ‘facts’ or spontaneously relate them
to the tree. This supports our claim that the process of doing science, and asking ques-
tions, is based on physical reality as well as the history and experience of those who are
doing science. The authentic questioning we saw was not based just on reasoning. There
were several topics—e.g. the tree’s root-thorns and strange stipule buds, and insects on the
tree—which the students asked questions about which we had not even observed before-
hand. Thus, the usual ‘school-school’ game and alienating power structure was somewhat
disrupted in that the students had explored areas and questions that we teachers had not
planned. And the teachers ended up learning from the students.

We have derived a categorisation, definition, and analysis of types of questioning which
may be useful for future research. We found that the students engaged in both implicit and
explicit questioning in what we identified as a dialectical process of implicitly and explic-
itly confronting conflicts. Most of their questioning was authentic, in that it was done in
order to find answers—for genuine curiosity. We were surprised to hear a large proportion
of investigatable questions. Other types of authentic questions we heard were: procedural,
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clarification, basic questions about reality, and questions of language. They also engaged in
some types of relatively inauthentic questioning: asking confirmation questions as well as
rhetorical questions, which may be dialectical in that they are both/neither statements/ques-
tions. They may be emergent questions. dialectical in the sense that within the utterance
there is an inherent opposition of conflicting questions/answers/observations. The entire
act defines the question which is uttered.

As Maria Cifone (2013) pointed out with regard to research on student questioning in
science education, ‘...most analysis has concentrated on the questions themselves, rather
than the questioning process which generated them.” Since we see science as a process, and
we are interested in helping students to practice this process throughout their lives, we are
also interested in questioning as a part of this process, rather than seeing questions as static
ideas or ends in themselves. Our analysis revealed the difficulties in identifying questioning
and distinguishing it from the process of making statements. We found that it is not pos-
sible to define a binary of questioning versus non-questioning, or to identify a particular
moment when a person or group definitely ‘has’ a question. Implicit questions may gradu-
ally or suddenly become explicit, and may evolve over time, depending on the interactions
between the students, and the interactions between the students and the real-world con-
text—the stuff they are handling. Questions may appear and disappear—and even suddenly
become replaced by transformed questions. Since the stuff itself is continuously changing
(leaves fluttering in the wind and falling, buds opening, roots becoming thorns), this is
another reason why questions about the stuff may also keep changing. A question formed at
one time by one teacher or student may not be relevant at another time. Thus, in the process
of our analysis, it became clear that the process of questioning is an inherently dialectical
process.

Why did the students ask questions?

Our investigation shows how several factors which were very different from the usual class-
room context for this group of students resulted in very different interactions and activi-
ties—including their own questioning. The interdependent factors were: (1) the subverted
rules of the ‘school-school’ game and the subverted teacher/student power structure; (2)
dialectical conflicts when students interacted with the physical stuff; (3) language factors.
We claim that it was the inherent contradictions within each of these factors, and their
interactions, that led the students to ask questions, as we will discuss below.

(1) The subverted ‘school-school game’ and teacher/student power structure

According to the stereotypical ‘school-school’ rules, which may extend even to labora-
tory work, a teacher gives the ‘questions’ and the students try to guess or somehow fig-
ure out what the teacher thinks the correct answers are. The implicit question in the stu-
dents’ minds is, ‘What does the teacher think the answer is?’ In our study we explored
what would happen if we tried to turn this game on its head. Thus, in the beginning of our
workshop, the teachers (researchers) did not ask the students any questions or give any
directions, except ‘Come here’, as they stood near the variegated bhendi tree. The students’
implicit (and at times explicit) question was, ‘What are the teachers asking us to do?’ or
‘What is the question that we are supposed to answer?” What we were doing is turning the
usual implicit question about the answer into an implicit question about the question. We
did this in order to find out whether, why, and how students might ask questions as part of
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their fairly informal discussion in a more open-beginninged context. As teachers, our main
role, initially, was to provide the context (the tree) and not speak.

We think that the students’ confusion about what they were supposed to be doing proved
to be useful in encouraging them to carry on authentic discussions in which questioning
occurred. They initially did and said a number of things, some of which were in order to
try to find out what we wanted them to do. However, they did not ask us what they should
do. Presumably, it was due to their inferior position in the power structure that they felt
safer asking each other. Also, they were probably accustomed to waiting for lessons to start
because teachers are often preoccupied with other work or bureaucratic matters. At differ-
ent times they hypothesized that we wanted them to identify plants, observe the tree, or tell
what colours of leaves there were. They tested these hypotheses by proceeding to do these
things. Seeing our reactions and our lack of objection allowed them to explore—and helped
them find out that we wanted them to ask questions about the bhendi tree. However, they
also did and said some things of their own accord, which were obviously not efforts to do
what we wanted. For example, they discussed their plans for the next few days, whether the
workshop was worthwhile, their spectacles, and their finger nails. Their informal expres-
sion convinced us that initially they were observing, discussing, and asking questions about
the bhendi tree largely of their own genuine interest. This is in line with the hypotheses of
Dillon (2004) and others that if teachers stop talking and stop asking questions, students do
talk and do ask many questions.

We saw evidence that the students were struggling in the dialectics of agency and pas-
sivity (Roth 2007c), particularly with regard to touching the tree. We had purposely tried
to subvert the hierarchal power structure in which teachers tell students what to do, but we
were not sure how the students would react. However, they did show collective agency.
They gradually took control over the situation, as they realised that they could take quite a
bit of freedom, and that the teachers were joking around with them and not admonishing
them. There was an underlying power struggle between students and teachers, and the stu-
dents actually took more control than we had intended. We thought that the students would
find the tree odd in the same way that we found it odd. But they found their own kinds of
oddities. In planning the workshop, we had thought that the students would only frame
questions in their session by the tree, but not investigate them until the subsequent ses-
sions. We thought we would need to provide a considerable amount of scaffolding in order
for them to carry out scientific investigations. However, we were surprised to find that the
students were less reductionist than we were: they did not separate questioning from inves-
tigating, and they proceeded to begin to carry out their own investigations beginning in
Stage 2 of the first session itself, even though they thought we may not allow them to do so.

Power relations between students and teachers are intrinsic and need to be explicitly
examined. There is a delicate student/teacher dialectic which has to function as a creative
force in order for meaningful teaching/learning to occur. In this case, we were experiment-
ing with subversions of the usual power structures. But it was not easy for us, as teachers,
to give up our power. Although we had planned to avoid talking to the students as much as
possible in the beginning, and especially to avoid asking them questions, it was very hard
for us to do so. We cringe as we view the tapes and see ourselves slipping up and interfering
with the students’ own questioning and investigating. This is inline with the report by Patri-
cia Almeida and Francislé Neri de Souza (2010) that it is difficult for teachers to stop asking
questions and thus relinquish their power over a class, even when they try to do so. On the
other hand, our relinquishing of power was in a sense a pretence, since we were maintain-
ing our over-all power over students by ‘making’ them play our new ‘student-questioning’
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game. Students were trying to figure out what we wanted them to do and then do what we
wanted. Our control became explicit after we asked them to ask questions.

The outdoor physical environment itself was a subversion of the students’ usual classroom
consisting of rows of desks facing the teacher, and it led to interactions between the stu-
dents (and between the students and teachers). Particular arrangements of desks, chairs and
tables are well known to individualise and confine students in particular ways—and signify
a foreign, western culture to students who may be more comfortable sitting on the ground in
informal groups. Because the students in our outdoor session were free to roam around near
the tree, their collective discourse was in some respects relatively free. Although we had not
planned it, the students spontaneously formed their own small, fluid groups. Working with
each other and being able to wander and switch groups was both a cause and a result of their
taking agency. It was an important factor that led the students to ask each other questions.
That the students generally segregated themselves according to gender reflects the cultural
historical constraints. However, there were tensions between girls and boys, the boundaries
were occasionally broken, and they did occasionally interact with each other.

(2) Dialectical conflicts when students interacted with the physical stuff

Our analysis showed that students’ questioning arose as a result of a number of different
types of conflicts they faced: (a) conflicts between different observations; (b) conflicts
between observations and beliefs; (c) conflicts between one’s own beliefs; (d) conflicts
between different peoples’ beliefs; (e) conflicts between [observing or knowing] and [not
observing or not knowing]. This last type of conflict is what is usually referred to as ‘gaps
in knowledge’. However, just realising that there is a conflict, does not necessarily lead
people to try to resolve the conflict or engage in questioning. They also need to have the
agency to ask questions.

The outdoor environment, and particularly the variegated bhendi tree, was itself dialecti-
cal. The tree was inherently contradictory: in addition to green leaves, it had leaves which
were white and other colours even though green pigment is required for photosynthesis; it
had root/thorns; it was a ‘flowering tree’ without flowers; etc. Even the colours were not what
they appeared to be: they depended on the light and the environment, and even on social fac-
tors. We claim that this obvious dialectical nature of the tree led the students to observe more
closely, and observation led them to become more aware of the dialectical nature of the tree.
The dialectical nature of the tree was the basis which gave rise to the students’ dialectical
conflicts which in turn gave rise to interactions, discussions, and questioning.

Since they were walking around and forming small fluid groups and pairs, conflicts
between students with different perspectives and experiences were apt to arise. Different
students made different observations about the same stuff. When they voiced their observa-
tions, other students became aware of conflicts, and this gave rise to questioning. Without
confusion or without a conflict, an authentic question will not arise. A student exploring
more individually may be more apt to think a question is resolved before it is even explic-
itly stated, as happened when students were interacting individually with a teacher at Stage
3. However, we also found a number of instances when a student’s questioning arose from
conflicts between their own previously expressed observations or beliefs without much
interaction with other students.

The tree was only about 4 metres in height, with low branches almost touching
the ground in a bush-like structure. This structure allowed the students to handle and
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manipulate the tree, and even climb inside it—without teacher guidance—and we think
this intimate interaction facilitated discussion and questioning. We suspect that if we had
asked them to ask questions before they had spent half an hour investigating it in this way,
they may not have come up with the same quantity or types of questions. Their questioning
was integrated with their handling and observing.

Other researchers have also reported on connections between observing and asking
questions. Emily van Zee et al. (2001) found close connections between questioning and
observation, although they concluded that student questioning required more teacher mod-
elling and guidance than what we found to be necessary. Margaret Eisenhart (2008) has
reported that in an after-school program, students orally asked many scientific questions,
e.g. when they were shown a video of jellyfish. However, in her case they had little oppor-
tunity to do observations or investigations to answer their questions since their context con-
sisted only of a video. Most of their questions seem to have been directed to their teacher,
who also tried to answer their questions. A student was so impressed by her authority, that
she remarked, ‘See! She [the teacher] does know everything!” We agree that this was a
worthwhile—and fun—science learning experience that included authentic dialogues that
deviated from standard IRE sequences, and that students’ ‘questions led to discussions of
far-ranging science topics’. However, we see a need for some opportunities in which stu-
dents do more than just rely on authorities for answers if they are to further develop their
scientific temper. This may be more likely to occur if the students have the stuff in their
hands as they ask questions about it.

(3) Language factors

One factor that encouraged the students to talk and ask questions was that they were
allowed to speak in their own language. They had discussions among themselves address-
ing each other directly without seeking the agency of the teacher. Not only did they speak
in Marathi, they also took the freedom to use non-academic language, and even coin their
own words for naming colours and the tree, without asking for recognition of these termi-
nologies from authorities. Ann Rosebery and Cynthia Ballenger (2008) have recommended
that teachers should allow students coming from diverse linguistic backgrounds to use
such styles of discourse, so that they can understand that their own languages and experi-
ences are valid and important for learning and doing science. There is a dialectical conflict
between non-academic and scientific language, and both are necessary.

The quality of the science the students did may not have been very rigorous or ‘profes-
sional’, largely due to problems related to communication and language. They were con-
strained by not knowing scientific jargon and by problems due to lack of fluency of both
teachers and students in all the three languages in use. They did not refer directly to any
text, website, or source of authority, except for the few times when they directly asked the
researchers—and even then the researchers did not always provide any answers. However,
later on in the workshop the students did occasionally make references to things they had
remembered from their textbooks, what their teachers had previously told them, or what
they had seen on TV. Due to problems of class and caste, the students as well as their regu-
lar classroom teachers have very limited access to written material which could be useful
in doing science investigations. Most science books and journals are not available because
they are being sold for very high prices. Internet is expensive and not available everywhere.
Also, much of the material required for science is in English, and translations into Marathi
and Hindi are very limited. Making material more freely available would obviously allow
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people to have more access to science education, and it is significant that this is not being
done—except through illegal ‘pirating’. The implication is that, through its commodifica-
tion, science communication is being criminalised.

The students encountered several conflicts involving language: conflicts between the dif-
ferent languages and names on the Casuarina tree label; conflicts between possible names
for the bhendi tree; conflicts involving the names and categorisations of colours; and con-
flicts between Marathi, Hindi, and English. These conflicts led them to ask each other ques-
tions. We have discussed how the dialectic nature of the names of colours and the colours
themselves were one of the main areas that led to conflicts, discussions, and questioning.

The dialectics of tree naming was exhibited at a number of instances in the session. The
tree names were not what they first appeared to be. This was partly because of mistakes
and coincidental meanings in different languages, but also because of the functions of the
names. Plants do not fit into well-defined categories. People make categories and names for
various purposes. Scientific names are dialectical in that they made in order to accurately
communicate across cultures as well as to establish an elite culture of ‘science’ which is
not accessible to all. Local plant names may also be dialectical in that they may reflect their
use values as well as their exchange values, if they are used to label plants as commodities.
While the students did not explicitly discuss these functions of names, their comments and
questions revealed that they were implicitly grappling with the dialectics of naming.

In the beginning, the girls seemed to think that maybe we wanted them to identify the
plants, so they started asking and telling each other the names. None of them knew the
common or scientific name of the variegated bhendi tree, and no authorities told them.
However, they were quite creative in suggesting their own descriptive names. Then,
for about half an hour, they forgot about naming, and continued exploring the tree. It is
remarkable how towards the end of the session one student noticed a nearby tree from the
same family and wondered whether the two trees might have the same name.

If the students had initially known or been told the name of the tree they might not have
been so curious about it. The act of naming something may actually thwart exploration and
learning, since it can be taken to be a conclusive, definitive answer to a school-school game
which is concerned primarily with recall—and particularly with the recall of seemingly
random, unconnected ‘facts’:

Find the right label for some process, and you know about it. If you know about it,
you needn’t think of it any further. ‘What is its name?’ becomes a substitute for ‘How
does it work?” While giving names to things, obviously, is an indispensable human
activity, it can be a dangerous one, especially when you are trying to understand a
complex and delicate process. (Postman and Weingartner 1969, Ch. 2)

Naming may also make a thing/process appear to be less of an interconnected process
with causes and effects and more of a static, individual thing.

In this study we have only reported on students’ oral questioning. We suspect that one
reason that they asked so many questions was that they were talking, not writing. Oral
questioning is a dynamic process, which is mo—re changeable, responsive, and ‘living’ than
arelatively fixed, static piece of writing. Because talking is more spontaneous and immedi-
ate than writing, it may be more open to innovation and questioning. Talking within small
groups is less individualistic and less alienating than usual forms of writing, and it is more
subject to evolution as it passes from person to person and group to group. Of course this
last point can also be a disadvantage, in that it may introduce inaccuracies and spurious
errors and contradictions between direct observations and reported observations.
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Lev Vygotsky (1966) pointed out that, ‘The motives for writing are more abstract, more
intellectualized, further removed from immediate needs. ...Writing also requires deliber-
ate analytical action on the part of the child’ (pp. 181-182). There is no doubt that the
written word is very important in doing science, and in making the implicit more explicit.
Vygotsky wrote about the dialectical movement between more abstract thinking and talk-
ing and more concrete writing, and their importance in learning. Although student discus-
sions hardly occur as part of main classroom discourse, unplanned pauses and interrup-
tions provide some time for authentic student discussions. More research is required to find
out whether some meaningful learning is occurring at such times, as well as when students
‘whisper’ to each other during a lecture, demonstration, or presentation by the teacher.

Implications of the students’ investigations

At the same time that the students asked each other questions, they also worked together to
do investigations to find answers. They investigated by observing, testing, measuring, feel-
ing, hypothesizing, analysing as well as asking questions. These aspects were not discrete
steps—their order, fluidity, and interdependent combination were varied. This experience
led us to conclude that it does not make sense to try to artificially separate asking from
answering. According to our definition of science as a cooperative, collective process of
using a scientific method which includes questioning and observing (among other aspects),
we think that they did science. However, at the time, the students themselves did not think
of their activities as being science. This reflects how the term ‘science’ has been exclu-
sively appropriated by professional scientists.

We did not expect that the students would ask so many investigatable questions even
though we never asked them to or discussed what investigatable questions are or how a
scientific method might be used to answer questions. Christine Chin (2002) reported that
most of the questions students asked in her study in Singapore were not amenable to their
own hands-on practical investigation. Similar to our study, she studied ‘novice’ middle-
school students who had not been previously requested to pose questions for investigation
in school. Unlike in our study, she reported that when individual students were asked to
pose questions, some of her 39 students were not able to formulate any investigable ques-
tions—or sometimes any questions at all—until the teacher gave examples of such ques-
tions and let the students work in groups. The above three factors that led our students to
engage in questioning were minimal or absent in Chin’s study, especially before the stu-
dents worked in small groups.

In the study by Carolyn Keys (1998), students defined their own investigatable questions
when they were asked to do so and worked in small groups. Unlike our study, her students
first read and summarised background information, watched the teacher perform demon-
strations, and did exploratory activities. Roth and Roychoudhury (1993) reported that when
students were asked to define their own research questions in particular contexts, they did
do so, and were highly motivated. Without being explicitly taught, they also learned to use
higher order science process skills to plan and carry out open-ended inquiries to answer
their questions. Over a period of 14 months, their research questions became less broad,
involving specific variables. However, Roth (1995, p. 127) has also written that asking stu-
dents to frame their own questions was met with opposition from parents who expected the
usual lecture mode of teaching.

Based on our results, we wonder how much teacher-led scaffolding is really necessary
or desirable. Is there a risk that it may lead to ‘recipe-following’ or IRE sequences based
on inauthentic teacher’s questions, rather than encouraging students to do more rigorous

@ Springer



Understanding student questioning 693

thinking and acting for themselves? There is no need to completely avoid such teaching,
but it should not be used to an extent that excludes student questioning.

One question a number of researchers have raised is whether young students can ‘cre-
ate knowledge’ and enable further knowledge creation (Bereiter and Scardamalia 2010).
Rather than thinking about some product or ‘knowledge’, we think it is more useful to
think in terms of the tentative and probabilistic process of ‘creating knowledge’—i.e. doing
science. One reason why students are not encouraged to ask questions in class may be that
science is often treated more as an unquestionable ‘body of knowledge’ than as a process.
The objective of activities may remain focussed on learning science concepts rather than
learning and practicing science processes such as questioning. In addition, individual
learning is stressed and assessed, rather than group learning.

Our results also suggest that perhaps students need not wait until they have acquired a
certain amount of ‘knowledge’ before they begin to ask their own investigatable questions
and try to figure out how to do their own research to find answers. This underlines the
point that there actually is no single prescribed set or order of the aspects of the scientific
method: questioning, investigating, observing, communicating, and other aspects are inter-
twined. Students can sometimes be free to ask questions and carry out investigations spon-
taneously, without making careful plans and writing things out.

Perhaps the most important lacuna in our students’ spontaneous investigations was that
they did not always make their implicit questions more explicit, and they did not always
verbalise or explain their observations or the reasons for their statements. They needed
more experience in finding and discussing evidence. This was obvious, for example, in
their investigation of whether or not the bhendi tree had flowers. This investigation was
based on observations, but the students did not discuss their observations in sufficient
detail. A teacher could have tried to guide them to state reasons. In this case, even we
were not initially sure whether the observed buds were flower buds or leaf buds, so perhaps
we would have asked relatively authentic questions if we had participated in the students’
discussion. Another role for teachers in the sorts of interactions we observed, could be
to encourage students to make implicit questions explicit—both orally and, sometimes, in
writing. More research is needed to explore these possibilities.

Doing science as a subversive activity

One of our most important findings was that initially students did not think that their ques-
tioning and investigating were legitimate, were science, or were considered to be science
in the eyes of the teachers/researchers. They were afraid to touch the bhendi tree. They
were afraid to scratch or pluck the leaves. They initially discussed the tree in whispers and
refused to tell the teachers what they were saying. They asked each other questions but
they did not ask the teachers. They seemed to be making observations which made them
confused, but were hesitant to make their implicit questions explicit. But, interestingly, the
students’ misconception that we did not want them to do all these things did not entirely
prevent them from doing them. And, according to the HDM framework upon which our
work is based, we believe they were doing science. In other words, the students did ‘sci-
ence as a subversive activity’! It is subversive because schools seem to be teaching students
to stop asking questions and stop doing investigations.

There are several obvious systemic constraints that make it difficult for students to
engage in discussions, investigations, and questioning in Indian classrooms. Most obvious
are the severe shortage of teachers, the pressure of external examinations, lack of teacher
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autonomy, inadequate infrastructure, and insufficient budgetary allocation (Jain and Saxena
2010; Tewari 2015). In each classroom one teacher usually has more than 35 students—typ-
ically 50-80, and sometimes more than 120. Educationists, teachers, parents, and children
do protest these conditions, but so far the government has not responded, except to try to
privatise education, which worsens these problems (Nambissan and Ball 2010).

Although we cannot generalise from our results, we have provided one example of a
context in a more relaxed out-of-school setting in which students do engage in question-
ing and investigating, even though they do not do so in their regular classrooms. Does this
mean that the students did not have a culture of being shy and submissive and not asking
questions? Not necessarily. But it does imply that they acted despite whatever constraints
or compulsions their culture or the education system may or may not have imposed upon
them to do otherwise.

The main outcome of our study is the evidence it supplies to indicate that students may
not need to be ‘taught’ to ask relevant investigatable questions. Our findings also lead us to
suggest that perhaps the students we studied might also engage in questioning and inves-
tigating in their school, even without being encouraged to do so by the teachers or school
authorities. Students may have to act subversively, carrying on discussions by whispering,
or even doing some form of investigating illicitly in their classrooms. Can students speak
up in class, and interrupt—maybe without even raising their hands or being called upon?

Student questioning may increase if the ‘school-school’ rules are broken and teachers
keep quiet. Of course, this requires addressing the hegemony of power, which is normally
carefully guarded. Power will not be relinquished without a demand.

However, teachers who are so inclined might also engage in subversive acts to encour-
age questioning, even under the systemic constraints they face. They might do this by occa-
sionally allowing students to have some freedom to engage in activities which are outside
of their plans and expectations. Teachers might sometimes deliberately ignore students’
whispering and illicit investigation—or they might validate it. They need not always expect
all students to explicitly ask questions out loud as part of the main classroom discourse.
They might bring confusing stuff to class or demonstrate conflicting processes which may
be likely to confuse the students so that they face contradictions and engage in questioning.
Science teachers might try to allow students to broaden their questioning so that it more
explicitly addresses socio-political conflicts. Students can sometimes just be allowed to ask
questions, while they observe and manipulate some sort of historical dialectical material.
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