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What is practical work?

‘learning experiences in which students
Interact with materials or with secondary
sources of data to observe and understand the
natural world ...” (Lunetta et al., 2007).



Science Education:

‘Inquiry-based science education Is
the future’

Luisa Prista, 2009



Why do teachers do inquiries?

{0 encourage accurate observation and
description;

* to make phenomena more real,
e {0 arouse and maintain interest;

e to promote a logical and reasoning method of
thought.



Two visions of scientific literacy

{0 provide every young person with sufficient
understanding of science to participate
confidently and effectively in the modern
world.

e advanced societies require a steady supply of
new recruits to jobs requiring more detailed
scientific knowledge and expertise



Teachers’ opinions

NESTA survey, 99% of the sample of
science teachers believed that enquiry
learning had an (83%'very’; 16% -‘a
little’ ) Impact on student performance and
attainment (2005, p. 5).



Does It work?
 TIMSS data: comparing scores of 13-year-old
students: England, Norway and Portugal.

e The three countries have different traditions of
Investigative work.

e The resultsmay be related as much to the type of

practical work as to the qualityfKind, 1999, p.
91).



Does it work?

e |[mpact of hands-on science programme
(Freedman, 1997)

e Students [aged 14-15]

 Regular laboratory instruction vs no
laboratory instruction

 Knowledge and attitude to science



Design principles for learning
Barronet al. (1998): %" grade students in the US

(a)defining learning-appropriate goals that lead to
deep understanding;

(b)providing scaffolds such aambedded teaching’
‘teaching tools, sets ofcontrasting cases’and
beginning with problem-based learning activities
before initiating projects;



Design principles for learning

(c) ensuring multiple opportunities for formative
self-assessment and revision; and

(d) developing social structures that promote
participation and a sense of agency.



Science Writing Heuristic

‘encourages students to examine laboratory
activities much more carefully in terms of
having to justify their research questions,
claims and evidence’

(Handet al.2004, p. 131)



Students (n=93), aged 12-13, who used the
heuristic'performed better as a group than
students who did not, and that students who
completed a textbook explanation as a write-
up performed better as a group than those
who completed a more traditional write-up

format’ (ibid.)



I
How IS science taught?

‘the science visible in schools has focused
on “covering” knowledge of science
topics and limited problem-solving skills.’

Lunettaet al. (2007, p. 396)



I
How IS science taught?

‘laboratory activities have engaged
students principally in following
ritualistic procedures to verify
conclusions previously presented by
textbooks and teachersib(d.)



‘. .. sclentific enquiry remains the most
variable and vulnerable part of the science
curriculum. Science is largely taught in
relatively short afternoon sessions . . . [and
this] . . . seriously constrains teachers’ abllity

to develop investigative activity.’ (Ofsted,
2005)



A caveat

‘A major hurdle in implementing project-based
curricula Is that they require simultaneous
changes in curriculum, instruction, and
assessment practices — changes that are often
foreign to the students as well as the teachers.’
(Barronet al.1998, p. 271)



‘the enquiry-based approach often aims
for a largely tacit understanding. As a
result, it is difficult to assess how
successful it Is, as the outcomes are rather
Imprecise and difficult to measure. Are
students becoming better enquirers or
not? And how do we claim to know?”’
(Millar, 2004, p. 3)



‘... children have difficulty making sense of
the goals, purposes and motivation of
Investigations, while research emanating from
the perspective of students’ authentic
guestions has shown that children lack the
processing strategies to conduct meaningful
Investigations.’ (Keys, 1998, p. 303)



‘Practical work was generally effective In
getting students to do what Is intended with
physical objects, but much less effective In
getting them to use the intended scientific
iIdeas to guide their actions and reflect upon
the data they collect.” (Abrahams and Millar,
2008)



“There was little evidence that the cognitive
challenge of linking observables to ideas Is
recognized by those who design practical
activities for science lessonsibid.)



‘As a result, many investigations have
become highly structured and give
Insufficient freedom for pupils to contribute
their own ideas or reflect on outcomes.’



What training?

Training In using practical activities
might include developing teachers’
understanding of theories of learning
(such as the role of cognitive conflict),
the use of argumentation in science and
assessment for learning.



Changing learning cultures

Training might usefully focus on the need to
develop an awareness of the ranges and
types of practical work, of the need to be
clear about the purpose of activities carried
out in school science education, and of how
to assess learning outcomes.



Take-nhome message

‘Never underestimate the challenge
that we face in changing science
education’



