Chapter 13
Experiences with Activities Developing
Pre-service Science Teacher Data Literacy

G. Michael Bowen, Anthony Bartley, LLeo MacDonald, and Ann Sherman

Introduction

When inquiry investigations were first promoted for school science in the mid-
1990s many pre-service teacher education “science methods” courses were pre-
mised on the assumption that an undergraduate background in science was sufficient
for (pre-service) teachers to implement those inquiry activities. Yet, those of us
teaching those courses often encountered difficulties promoting inquiry science to
both new and experienced teachers. In Canada, the Council of Ministers of Education
released the “Pan Canadian” framework documents for science curriculum in 1997
(CMEC, 1997) and that document was influential in promoting inquiry science in
many provincial curricula.

Notably, the inquiry science described in provincial curricular documents is
“open” inquiry (in contrast with the “guided” inquiry prevalent in the United States),
and in our experience, most of our academic colleagues teach about engaging public
school students with this type of inquiry in their science “methods” courses. Despite
the instruction in methods courses focusing on inquiry investigations for the last
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decade and a half, conversations amongst our peers at conferences suggests that
Canadian public school students appear to experience few, if any, science inquiry
investigations in most middle and high schools (with some notable exceptions, such
as those described in Jones, Kaplanis, Melville, & Bartley, 2009) impacting the sci-
ence literacy skills they develop.

Hodson (1998) has described science literacy as having three areas of focus:

(i) ‘Science’ — referring mainly to what can be thought of as the “products” of
science, such as laws, theories and inventions.
(i1) ‘About Science’ — including learning ideas about the nature of science and the
methods used for scientific inquiry.
(iii) To ‘Do Science’ — referring to the expertise, confidence and motivation of sci-
entists — much of it which appears to be tacit knowledge — which is required to
develop and communicate knowledge in science and technology.

Generally it is recognized that schools tend to emphasize instruction in ‘Science’
and provide little education about the second and third categories. However, inquiry
investigations, promoted in provincial curriculum documents, do focus on the other
two categories, and one might expect that teachers should be teaching in those
domains. Despite this, research suggests that teachers have “difficulty creating
classrooms that are inquiry-based” (Crawford, 2007, p. 613) and that they are actu-
ally infrequently implemented (see Brown & Melear, 2006; Salish I Final Report,
1997") despite mandates to do so.

Research into pre-service teacher’s own competency with science inquiry identi-
fies numerous issues ranging from difficulties asking inquiry-possible questions to
representing and drawing conclusions from data, as well as the atheoretical nature
with which student teacher participants often approached their inquiry tasks (see
overview by Bowen & Bencze, 2008). In general, pre-service teachers had difficulty
with almost all of the features identified by the National Research Council (1996) as
characterizing inquiry instruction, including identifying researchable questions,
designing and conducting experiments, developing explanations, thinking critically
about the relationship between evidence and explanations, and communicating sci-
entific procedures and explanations. This is perhaps for the understandable reason
that “Most teachers have not had opportunities to learn science through inquiry or
to conduct scientific inquiries themselves” (NRC, 2000, p. 87). Teachers’ under-
graduate education experiences in university science programs often tend to be lec-
ture and confirmatory-laboratory activity-oriented (Woolnough & Allsop, 1985),
thereby influencing their perspectives on teaching (Beisenherz & Dantonio, 1991,
p. 44).

This general lack of inquiry science experiences, affects the belief system each
pre-service teacher has about their own science teaching (Bryan, 2003; Guillame,
1995) and influences their confidence (Cheng, 2002). Bianchini, Johnston, Oram,
and Cavazos (2003) describe the challenges faced by first-year science teachers as

! Although we are reporting on American data here, our own experiences support the argument that
the Canadian condition is little different.
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they try to teach in contemporary ways reporting that overcoming pre-conceived
notions inquiry-based science teaching was, perhaps, their greatest challenge. Our
own pre-service teachers generally find it difficult to describe successful and engag-
ing science experiences they had with science inquiry investigations as students in
school at any level to us.

Overall, this suggests that “science methods” courses need to serve a role with
addressing this issue. The idea that it might be beneficial for pre-service teachers to
engage in inquiry activities as part of their preparation to become teachers is not a
new one. Duschl (1983, p. 753) recommended that pre-service teachers engage in
“independent semester long science investigations or replications of previous inves-
tigations” but there are few reports of this happening.

All together this suggests that as science teacher educators we should provide
inquiry science experiences within the context of our own pedagogy, which may in
turn help pre-service teachers develop an understanding of inquiry from both the
perspective of a learner of science as well as from the perspective of a teacher of
science. In this chapter we report on three different examples of activities drawn
from our own instructional “science methods” courses where we have attempted to
model what was expected of the pre-service teachers in science classrooms while at
the same time providing them, as students themselves, with experiences engaging in
an inquiry environment. Our approach in these example activities are consistent
with an experiential need identified by John Loughran:

...in teacher preparation there is an acknowledgment of the need for student-teachers to be
familiar with new teaching procedures and strategies, yet attempts to do so often flounder
because these teaching approaches are ‘delivered’ through lectures, handouts and reference
material as opposed to creating situations through which students genuinely learn about the
teaching by experiencing it as both a learner and a teacher. (Loughran, 2001, p. 4)

Korthagen, Loughran, and Russell (2006) identified the need for pre-service
teachers to “genuinely engage in experiencing the various aspects of teaching in an
environment where [engagement in experience] is the focus, rather than in an envi-
ronment where successful teaching and ‘controlling’ students is the dominant con-
cern” (p. 1029). Each of the examples we have described here sought to offer an
environment where pre-service teachers could immerse themselves in various
aspects of teaching in a supportive and reflective inquiry-based context. However,
keeping in mind Cheng’s (2002) comments on the role of previous science experi-
ences, we wanted our pre-service teachers to engage with science experiences that
were inquiry-based investigations, where they were able to ask questions and exper-
iment (reasonably) freely with the aim that they would feel confident enough to
enact inquiry-based science investigation lessons as a significant part of their own
teaching.

The activities described in this chapter represent ones we developed to address
issues with other inquiry activities we tried and encountered problems with (such as
those described in Bowen & Bartley, 2007; Bowen & Bencze, 2008). As our aware-
ness of the problems student teachers had with inquiry activities developed we
revised our classroom activities with the intent to more effectively engage pre-service
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teachers. The activities we describe in this paper are generally focused on the devel-
opment of pre-service teachers’ “data literacy” (see Bowen & Bartley, 2013)
because the idea of “data” underlies the practice of science (Latour, 1987). In addi-
tion, current curricular directions in the United States have an increased emphasis
on data literacy (see NRC, 2011) and, thus, we see working with data as fundamen-
tal to the science inquiry process.

In each of the following science inquiry examples we describe what we were
hoping to accomplish with each activity, how the pre-service teachers engaged in it,
what they accomplished while participating in the activity, and what each of us as
science “methods” instructors learned from the activities. Example I discusses stu-
dent teachers engaging in an introduction to self-directed inquiry using Jello
(Bartley). Example II examines the outcomes of pre-service teachers sampling and
counting grass in an uneven area (Bowen). Example III describes a three-part activ-
ity where pre-service teachers were engaged in “science fair” activities first produc-
ing a project of their own, then judging student projects in a local science fair, and
finally engaging in a critical discussion about an academic publication critically
discussing science fairs (MacDonald). As part of the discussion of these examples
we highlight how our preservice science teacher students engaged in these different
investigation activities and insights that we gleaned from their participation.

Data Methodology

While attending a Canadian conference® we (the authors) discussed the different
approaches we used in our methods courses and the subsequent student learning.
We decided that a paper discussing some of these methods might be useful for other
“methods” instructors and that our collective experiences might provide insights
into issues arising in science “methods” courses. In our discussions we realized that
we had each kept written records as our recent science methods classes had pro-
gressed. Not only did we have copies and records of our student’s assignments, we
also had notes and records we had recorded by hand for individual classes. These
were on our teaching outlines, in teaching diaries, or in emails we had exchanged
with various others (including amongst the authors, with our students, or with other
instructors or administrators). We essentially realized that we had a data set we
could examine to determine the effectiveness of our individual teaching practices in
relation to each other’s successes or failures — particularly from the perspective of

2The Canadian community of science education professors is small enough that we each know a
large segment of our total community and there are reasonably strong social bonds between a great
number of us. This leads to socializing at our main conference that is markedly different than in
meetings of other organizations such as NARST. For instance, at our largest professional gathering
(the annual conference of the Canadian Society for the Study of Education, our equivalent of
AERA) the Science Education Research Group might have 30 faculty members (of the 90 or so
active ones in Canada) attending and we spend a lot of time socializing with each other, including
over a research group dinner that, including graduate students, can easily exceed 30 participants.
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activities which were about trying to teach our students about independent inquiry
investigations that our discussions had revealed we were each having difficulty
being successful with in our individual settings. Consequently, we decided to go
away and each write about an example teaching activity that our peers might find
useful in the conduct and planning of their own “science methods” courses which
we then shared with each other. In our collective reading of these cases we gained
insights into our own practices and those of others, but we also gained insights into
broader issues of science teacher preparation through the juxtaposition of findings
across the different cases. Subsequently, from our reading of the experiences of our
peers in teaching inquiry science methods through experiential approaches, we
decided to construct a conference proposal of these experiences® which we then
presented in the next year of our conference.

Each instructor used the following resources to write about their curricular
examples:

— the description (written and verbal) provided to students about the activity

— notes of comments recorded during classes with students

— notes of comments and student engagement recorded following the classes with
students

— student work collected from the activity

— notes of comments following the return of graded student work

— notes drawn from class records and course outlines

The instructor of each example elaborated on the example providing the context
of its use, the student engagement, and implications drawn from the student engage-
ment.* As experienced instructors (each with 10+ years instructing “science meth-
ods”) we each described scenarios with the intention both of improving our own
practice as well as providing critical descriptions of classroom practice that may

3The four authors are reasonably senior science educators in Canada and are often amongst the
most senior people (if not the most senior people) represented at the conference we previously
described. As such, and given the large number of younger faculty hired recently in Canada, we
felt some sense of obligation to our community to discuss the issues we were encountering in
teaching inquiry science teaching approaches to our methods students for if we were having prob-
lems then junior faculty would be more likely to discuss their difficulties with others.

4We both note and acknowledge that we are not presenting “research” in the traditional sense but
rather are describing, in the spirit of self-study and reflection (see Bullock & Russell, 2012), a form
of self-study done by professionals who are working towards improving their own practices by
critically examining and reflecting on those practices to gain insights into how to improve them
while hoping that these efforts, conducted as rigorously as possible in our varied settings, may
inform the practices of others in our field. As noted earlier, our data collection was not “inten-
tional” while the class was progressing but reflected the notational practices we each typically
engage in while teaching. The self-study from which this chapter emerged was a post-hoc endeavor
following a realization of the difficulty we had teaching inquiry approaches in science to future
high school teachers. We would argue that our post-hoc approach has advantages in that the classes
as taught represent our “normal” practices uninfluenced by any supposition that our classes were
“under study” of any sort, but it offers disadvantages in that data and information that might nor-
mally be collected in a self-study of a teaching environment are lacking.
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engender discussions amongst our peers so that our collective practices may
improve.

Interpretations of data records from the individual studies were strengthened
through collaborations within our group. Bowen and Bartley had attended each of
the activities done by the other in previous offerings of their courses and used that
experience to examine the various records used by each of them to write their indi-
vidual case studies. MacDonald’s data was collected based on his class, but his
interpretation of that data were checked by Sherman who had previously worked on
that very sort of activity with previous students at his institution.

After we produced these three examples, we then collectively used them as a data
source which we analyzed using an interaction analysis approach (Jordan &
Henderson, 1995) drawing on grounded theory (Strauss & Corbin, 1990) as we
conducted our interpretations of each other’s work as we constructed insights gained
from looking across the case studies. Collectively, we found that the examples we
had individually provided gave us insights into issues that are found throughout sci-
ence education and we write about these in the overall conclusions. Thus, inasmuch
as our individual examples represent the data/information we individually collected
on the activities in our classes at our different institutions, each example also then
acted as a data source for our co-authors in drawing our overall final insights and
conclusions. At the very end of the chapter we will discuss the influences this has
had on the classes we now teach and what new activities some of us are trying either
in addition to or to replace the issues we concluded were present more broadly than
in just our own individual classes.

Example I: An Introduction to Investigations (Bartley)
Background

My approach to this investigation activity is informed by the work of Tamir (1991)
who provides two illuminating tables (depicted below). In the table below Tamir
describes the roles of scientists and technicians, and teachers and students by posing
the question, “Who does what in the science laboratory?” (p. 16)

Activity Scientist’s lab School lab
Identifying problem for investigation Scientist Textbook or teacher
Formulating hypotheses Scientist Textbook or teacher
Designing procedures and experiments Scientist Textbook or teacher
Collecting data Technician Student

Drawing conclusions Scientist Student or teacher

Tamir argues that student work will often correspond to that of a technician,
representing a lower status and level of engagement than that of the scientist advo-
cated for in the documents guiding science teaching and learning, e.g. National
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Science Education Standards (National Research Council, 1996); Science for All
Americans (AAAS, 1990) and in various provincial science education documents in
Canada.

Tamir (1991) also categorized inquiry investigations according to the degree of
openness of the problem choice, the experimental design and the choice of
conclusions.

Levels of Inquiry in the Science Laboratory

Level of inquiry Problems Procedures Conclusions
Level 0 Given Given Given
Level 1 Given Given Open
Level 2 Given Open Open
Level 3 Open Open Open

These levels represent different degrees of openness from Level 1 where problem
and procedures are given and students only collect the data to Level 3 where stu-
dents do everything themselves. Tamir describes situations where most teachers
typically operate in levels O and 1, while levels 2 or 3 would offer students more
authentic learning experiences; these higher levels would correspond to “open
inquiry” types of investigation activities.

Context

The secondary physics and chemistry methods courses at Lakehead University (in
Ontario) are taught in a single group. Over the last two decades instructional time
for this course has varied from 54 to 81 h and is currently 72 h (20 % of the total
program instructional time). Compared to many jurisdictions students in science
methods classes at Lakehead often have strong science backgrounds (which might
be considered “well-qualified”) ranging from being in the final year of an honours
science degree program to some with doctoral/post-doctoral experience. However,
few students reported prior experiences with designing and performing investiga-
tions. In reference to Tamir’s levels of science inquiry, most students had experience
with Level 1 science investigations, some had experience with Level 2 investiga-
tions, while a few had some Level 3 investigation experiences (thesis work at hon-
ours (bachelors), masters or doctoral level). Apparently little has changed since
Woolnough and Allsop (1985) wrote, “most science teachers have themselves been
brought up on a diet of content dominated cookery book type practical work”
(p- 80). My challenge was to enable pre-service teachers to experience level 2 or 3
investigations, and thereby feel able to engage their own future students in such
activities (which most provincial curriculum documents call for at middle and high-
school levels).
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Gelatin is a powder. When mixed with water in the correct proportions
if forms a solid jelly.

Instructions for mixing gelatin

1. Heat a measured amount of water but do not let the water boil. 2. The stir a
weighed amount of gelatin. Stir continuously until all the gelatin has dissolved. 3.
Pour the liquid into a container of your choice and leave the liquid to set. The
liquid can set quite hard or soft depending how much gelatin is added to the
water.

Problem

What is the smallest amount of gelatin needed to set a bath half full of
water?

You must solve this problem by doing experiments with no more than
three sachets of gelatin powder.

Here are a number of things to consider:

You need to make a tester to see if the mixture has set.

The bath cannot be put in the fridge.

Assume the bath is half full of water at room temperature.

How much water does the bath contain?

Fig. 13.1 Gelatin and the bath activity sheet (Ainley, Brown, Butler, Carrington, & Ellis, 1988)

The Activity

For this chapter I present a single activity (out of several I conduct like this over the
school year). The first 20 or so minutes of the first class is spent in an ice-breaking
activity in which participants introduce themselves to adjacent classmates and work
together to melt ice cubes as rapidly as possible. This leads to a discussion of the
science used for the ice cube melting activity and various other issues.

The follow-up activity — “Gelatin and the Bath” (See Fig. 13.1) — is usually pre-
sented in the second or third class of the course. Pre-service teachers are provided
with three packets of Jello™ and are advised that they have 80 min this class, 45 min
the next class, and 30 min the following class, 1 week later, to complete the
activity.
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Students are allowed any equipment available in the lab, and are provided with a
broad range of balances (milligram to 2 kg ranges). In addition they are asked to
consider how they would approach teaching this activity with 13-year old students,
as this was a planned component of the activity. The activity involves trying to find
the minimum amount of Jello that will “set” a tub half full of water and the “answer”
will be in the form of packs or mass of Jello (which, therefore, is the variable of
interest). During the activity the pre-service teachers initially need to establish cri-
teria about what it means for the Jello to be “set”. Because there are different defini-
tions of “set”, it is a variable (a covariate) that has a considerable effect upon the
result, yet it is of no direct interest in their final claims of the amount of Jello needed.
In essence, this is an activity related to the scientific practice of extrapolation of data
from a known (how much Jello is needed in small amounts of water) to an unknown
(how much Jello is needed in half a bathtub full of water).

Data and Discussion

Much of the activity sheet, and my introduction to the investigation, ensured that
pre-service teachers were well aware that this was not a confirmatory experiment.
However, some groups flirted briefly with solely analytical perspectives by arguing
that the scaling model might/could not apply here.

If we only have three packs of Jello we cannot make the full size bath tub.
What if the Jello has to be close to a surface to set?

After about 15 min they perceived the problem as being sufficiently defined
without any tensions concerning the size of the bathtub. However, their recognition
that the problem did indeed have some approachable solution led them to move to
the experiment.

Find out how big the bath tub is, say x Litres, then x/2 is the volume that we are working
with.

Producing a model bathtub and scaling up led to some working with 100 mL
beakers and 50 mL of water while others used 250 mL or 400 mL beakers with 200
mL of water.

The bigger sample is much better. We can get a better model of the bathtub than if we use
small samples.

The small samples enable us to do many experiments. We can be more certain about our
results with many experiments.

For some the definition of “set” was uncomplicated, as was its measurement.

Our definition of set is when the Jello will support a coin such as a penny for at least a
minute.
The Jello is set when we can turn the beaker upside down and the Jello does not fall out.

For others, there was a necessity to seek authority for the definition of “set”. The
manufacturers of Jello™ provide a toll-free questions/concerns/help phone line.
Each year, at least one group member contacts the company to elicit information
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regarding the company’s definition of “set”. Some years this has been fruitful, other
years of little value other than comic relief as the person at the call centre has not
taken the request for information about a definition of “set” as a serious question.
One of the more valuable responses was:

The food technician on the phone told me that they carefully remove the Jello from the con-
tainer and place it on a plate or similar flat surface. Then they cut the Jello with a sharp
knife. If the cut line is straight and the knife blade is not wet, then the Jello is set.

On being asked if it would be possible to compare results from one group to
another, most groups concluded that such a question would require its own sub-set
of experiments, and that had I needed such a comparison, it should have been built
into the question. The provision of a solution concentration (g of Jello/litre of water)
was deemed an appropriate starting point for later discussions.

I have 17 years of working with this activity and 1 year there was the unique
result where none of the five groups were able to produce an answer to the question.
Either all of the samples had set, or none of the samples had set. As an instructor it
was a teachable moment: university science graduates had failed to complete an
experiment deemed appropriate for middle school students and they wanted to
explain what had happened. How was the ‘teachable moment’ addressed during
class? Describe.

My experiences in working with around 110 groups on this activity have allowed
me to enjoy many rich discussions about why this is not a trivial task. The stronger
teams will usually set up five or six trials after the first session (varying mass of Jello
per unit volume of water) and have some “set” and some not “set”. Then for a sec-
ond set of trials, the pre-service teachers will use samples with a concentration
between the most dilute “set” and the most concentrated not “set”, using up the
remaining Jello™ for these trials.

Typical results come in around 80 packets of Jello™ (mass of each packet = 80
g) for a volume of about 150 L (=40 US gallons). Follow-up conversations discuss
“accuracy”, “precision”, and why both would be problematic given the latitude in
the definitions of “set.” At my prompting the discussion also involves whether pro-
viding a range of concentrations would be appropriate or feasible.

This activity is an activity particularly useful introduction to self-directed inquiry.
The task demands careful analysis, much deliberation and calculation and a sense of
humour. My experience is that students remember this activity and can discuss it
well into their teaching careers.

One year my class was able to spend some time with two seventh grade classes
to work through the activity. Having completed the activity, my pre-service teachers
thought they had a good handle upon what might be the issues with real students in
a school setting. The ensuing hour could be best described as a wonderful learning
experience as they realized that not only was their own specialized science language
beyond this audience, but that teaching students to think about their own ideas
required patience and gentle tenacity. Timing was also an issue as the allocated
65 min passed very quickly. Questions of “fair test”, dilution and “set” reappeared
consistently with mixed levels of resolution. At the end of the class the school
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students thanked the pre-service teachers and left. We then held a debriefing ses-
sions where there was a sense of amazement at the kinds of questions school stu-
dents would come up with given an audience. For example: “What is the influence
of shaking the packet before dilution?” or “How would you find the coolest location
in the classroom for setting?” and “Could I define ‘set’ as strong enough for me to
stand upon without splatting?” The second debriefing came after the teacher had
spoken with the grade 7 classes about their experiences. In that debriefing the
teacher made the primary suggestion that the pre-service teachers be less directing
in their suggestions and suggested that they think more about the questions used to
probe student comprehension. Given a week to reflect upon this we returned to sup-
port another class in the activity. While the ability and the experiences of the class
were similar to the first group, the revised approach of the pre-service teachers led
to a very different and more positive learning experience for all in the room.

Example II: Counting Grass (Bowen)

At the beginning of a fall semester middle school/secondary science methods
course, in which most students have a university background in biology (as opposed
to chemistry or physics) I have my post-baccalaureate B.Ed. students participate in
a short inquiry investigation. I have them go outside to a bounded area of grass and
address the following science “problem” which is framed as “authentic” for them:
“On the designated patch of grass outside, with your partners (in teams of two or
three), estimate the total number of blades/amount of grass in the area.” The stu-
dents are also told that in the classroom they are to then “Provide a written step-by-
step illustration of how your group calculated the total amount of grass in the patch.”
with the goal of providing a “compelling and convincing” argument about how
much grass is found in the area. Finally, after the data for each group has been col-
lected, it is combined with that of previous years and students are asked, “Using the
cumulative data set, choose and draw a graph that shows the most useful/interesting
summary of the data that is possible. When you have completed your graph, write a
paragraph to describe your interpretation of the data that you depicted in your
graph.”

For this activity I have chosen a piece of land (approx. 11 m by 4 m) almost
completely bounded by concrete curbing (with a small 2 m section that has rocks
intruding on it from an adjacent area). There is a small worn “path” that crosses it
diagonally, a stump, two trees, a hydro pole, and a small dirt patch. In addition, the
grass is obviously “patchy” with higher densities in some areas and lower densities
(mixed with other small plants) in others. Three sides are essentially straight, and
one has a gentle arc. As a middle-school teacher I have successfully used a similar
activity with grade 8 students (Note: their site had fewer complexities; no gentle arc,
concrete around the complete area, and less “patchiness”).

For the pre-service teachers this is framed as an ‘authentic’ type of activity that a
field scientist would do. They are provided examples of scientists such as ecologists
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monitoring long-term changes correlated with other factors (such as earthworm
density, vertebrate herbivore density, or the addition of nutrients to the soil). The
‘authenticity’ is also embedded in students recognizing that (a) there is a finite
amount of grass in the area, and (b) that neither I, nor anyone else, actually know
what that finite amount of grass is. I provide the students with clipboards, blank
paper, and measuring instruments (field tapes and metre sticks). Notably, all of the
measuring instruments have both metric and imperial scales on them. [Canada
adopted metric in 1974 and it is all that has been used in science and other class-
rooms since that time.]

My purposes in having my secondary science methods students engage in this
activity are multi-fold. Firstly, a critique of another diagnostic/teaching exercise that
I have used in the past (the Lost Field Notebook (LFN) exercise, see Roth, McGinn,
& Bowen, 1998) is that the data is decontextualized for the students as it lies outside
of experiences they have had. In the LFN activity students are provided a map of an
“ecozone” (no scale is provided) with unevenly shaped areas that break up the
ecozone. Within each area is a pair of numbers, one for bramble density, the other
for light intensity. Students are asked to analyze and make a decision about the rela-
tionship between light intensity and bramble density. For individuals with a BSc in
science responses are often quite poor, although science professors have indicated
that they would expect a high level of response from anyone with a BSc degree
(unpublished data). In order to address this data analysis issue (and address critiques
that the decontextualized nature of the LFN activity contributed to the poor
response), I developed the grass-counting activity as one that the type of data that
field scientists would collect (i.e., it was “authentic”) and was do-able in a 3-h class.
The grass-counting exercise provides students a data set to work with that derives
from their own first-hand experience because they themselves have collected it.
Thus, it provides me a diagnostic on their overall data collection and representation
skills (how they define variables, how attentive they are to detail, what units they
use, what sampling regimes they use, their use of significant figures, etc.). I further
use this activity as a starting point to discuss the various forms of inquiry (as
depicted in Tamir’s table), how one would evaluate investigation activities (particu-
larly open-ended ones), what makes an activity “science”, characteristics of science
(i.e., the Nature of Science), student motivation (when they have input into the
design of activities), and so forth. This is all described to the students in advance so
that they understand that the activity is the foundation for later activities and discus-
sions in their “methods” course.

Student Engagement: Reports

For this example I will discuss a summary of the methods (collection and analysis)
used by 19 groups of students (41 students in total). Student participation outside
was quite focused and generally enthusiastic. All students seemed engaged and
interested, and they were encouraged to talk with each other if they had difficulty
deciding how to do something. In general, this was encouraged to raise the standard
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Fig. 13.2 Examples of sampling strategy maps. (a) Simple “subsection strategy” sampling strat-
egy map showing three sampling areas in zones delineated by physical features. (b) Detailed
“whole area” sampling strategy map showing “scale” and four sampling areas

of the work and to set the tone that would be encouraged throughout this and follow-
ing semesters for engaging in class activities.

Of the 19 project reports, two general strategies were used for sampling. One
strategy, the “whole area” strategy (Fig. 13.2) involved treating the entire area as
“one sector” and randomly sampling within that sector, then extrapolating to the
surface area of the entire sector. Eleven groups used this approach. To develop accu-
rate estimates one would suspect a reasonably high number of samples would be
needed (given that there was quite noticeable patchiness of grass in some places,
with a high density of other small non-grass plants in some areas). Of these 11
groups, the arithmetic mean was 3.45 samples/total area (with a median of 3, and a
range of 1-10 samples) with four groups collecting 1 or 2 samples and three groups
doing 4 or more. These groups also “eyeballed” decisions around how to compen-
sate for weeds, or grass patchiness. For instance “we decided to subtract 10 square
feet from area to compensate for uneven grass growth”, “Assuming ~6 % weeds”,
and “We estimated the number of weeds to be 1/3 of the area.” typified statements
about this.

The other strategy, the “subsection strategy”, involved dividing the total area into
subsections, and then making estimates within each of those areas. Eight groups used
this strategy with two different approaches being utilized. In the first approach groups
divided the area into zones on the basis of physical features (such as the path) or for
geometric measuring/calculating purposes (for example, creating rectangles) (See
Fig. 13.2a for an example). The problems with using this approach could be miti-
gated by higher sampling (which one group did; measuring 1 cm? of grass five times
in each zone), but most groups only conducted one or two measures of grass density.
The other approach to using a “subsection strategy” involved dividing the area into
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zones based on visible differences in grass density with sampling in each area — when
using this approach sampling ranged from 1 to 11 samples per zone (note that the one
sample/zone project sampled large areas, ~100 cm?). Notably, the projects that
divided the areas into zones on the basis of visible differences in grass density also
sampled and counted larger areas of grass (in all cases but a few 25 cm? or higher per
sample), whereas in the projects with a single zone 8 groups sampled 8 cm? or less.

When students were instructed to conduct their measurements in metric all but
one group did so, however when that instruction was not given, five of eight groups
did not use metric measuring. This was surprising because, according to curriculum
guides and their own commentary, all of their instruction in schools (both public
school and university) was done using the metric system and, notably, all commer-
cial product sizes and signs in stores in Canada are also in metric and have been for
30+ years. The “default” practice of so many students being imperial measurement
was thus quite surprising. However, even when students did use metric (13 groups
did), there were quite a number of calculation errors when extrapolating from the
sample size (such as # of blades of grass in 100 cm?) to the number of blades of
grass in a square metre. Four groups made errors when doing this calculation, usu-
ally neglecting to “square” the area in the extrapolation (such as multiplying the
number of blades of grass by 10 instead of 100 when going from a 10x10 cm
sample to 1 m?).

Previous to the activity the role of inscriptions as being central in science to con-
structing compelling and convincing arguments was discussed. Despite the previous
in-class discussion of the importance of visual representations in science, two
groups did not provide a drawing to accompany their calculations and description.
Of the 17 groups who did, 10 were essentially simple sketches of varying detail.
Fifteen of the 17 included scales/measurements, only 9 labelled or included features
on the graph (such as trees, rocky area, etc.), and only 4 included any indication of
where samples of grass density were taken.

Student Engagement: Graphing the Year-to-Year Data

Twenty students were instructed: “Using the cumulative data set, draw a graph that
shows the most useful/interesting summary of the data that is possible and provide
an interpretation.” Students could produce more than one graph if they chose. In that
year, there were a total of 22 “grass estimates” (11 each from this and the previous
year), including from their own data collection and estimates (which they watched
entered in the table as they gave the numbers to me). As an instructor, this was quite
instructive as the issues that had been present in the diagnostic Lost Field Notebook
exercise were again played out but went further, indicating even more serious issues.
Students appeared to have no conceptual framework guiding their choice of graphs.
Overall students produced ten bar charts, one pie chart, one stem-and-leaf graph,
and nine line graphs/scatterplots. The bar charts were often a compilation of the 2
years of data with ordered (but uneven) categories (see Fig. 13.3a). There was no
bar chart showing the average # of blades of grass for each of the 2 years (which is
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Fig. 13.3 Various graphical representations to show grass counts in two different years — (a, b and
¢) left-to-right respectively — note that each shows the x-axis having a count of “11” (which actu-
ally represents the total number of student groups in each year)

what I thought students would produce, and which would be the most sensible com-
parison from the data). The pie chart was a compilation of data from the 2 years
(showing 22 “slices™). The line graphs/scatterplots were either (a) the 11 data cate-
gories ordered from smallest to largest and then plotted with a joining line (Fig.
13.3¢), or (b) as with (a) but with “trend lines” drawn, or (c) entered in the order
shown in the data table, sometimes broken into the 2 years, with the x-axis being the
row # in the data table and the y-axis being the # of blades of grass (see Fig. 13.3b)
and in several cases, a trend-line was drawn. In the majority of cases there were
issues with the interpretive statement the students made about the graph. In general,
the graphs the students produced indicated some serious issues in choice of graph
(for example, a scatterplot is not possible, nor is there any “science” reason for an
“ordered” line chart to be drawn particularly in order to compare the data across the
2 years, or to draw a “trend line”).

Conclusions

An ongoing concern of mine has been data literacy issues in my secondary “science
methods” students. Engaging in this short inquiry investigation with them, an activ-
ity that any science professor I have discussed the activity with believes should be
well within the scope of someone with even a minor in science, highlights for me
that we need to engage pre-service teachers in a “science methods” course (not a
“science teaching methods” course) as part of their preparation to be a science
teacher to help them develop their skills in the applied practices of engaging in sci-
ence investigations. My student’s difficulty with this activity, in both the sampling
and the graphing, suggests to me that it would be difficult for most of these pre-
service teachers to effectively engage their own students in any form of independent
inquiry investigation activity. Anecdotally, over the years I have found the students
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who were most comfortable with (and most skilled at) data/investigation activities
such as this one are also the ones who seemed more inclined to have their own stu-
dents engage in science investigations when they became teachers...this highlights
the importance of developing these data/investigation skills in their BEd program. If
we really intend to have middle and high school students engage in activities that
involve investigations where there is a variety of possible data collection and repre-
sentation methods at play, then the data literacy of their teachers needs to be devel-
oped. Although I am satisfied with the role this “grass count” activity plays in other
aspects of the “methods” course (such as discussions of inquiry, evaluation of
inquiry, and the role that student control can have on motivation), even the other
data-literacy oriented activities I conduct throughout the year to address data liter-
acy issues may well be insufficient to address the depth of problems that I feel that
this activity reveals. As a result of these findings (and others) I have become an
advocate for a course to be offered in BEd programs that focuses on inquiry and
data literacy through hands-on investigations (such as the elective documented by
Melear, Goodlaxson, Warne, & Hickok, 2000).

Example III: The “Science Fair” Project (MacDonald)

This teaching example reports on an activity carried out at a teacher education insti-
tution in Nova Scotia with secondary level pre-service teachers. The example seeks
to present aspects of the pre-service teachers’ perspectives on science inquiry as
revealed by their engagement in a three-part assignment — intended to both develop
their understanding of inquiry reflecting the higher levels of Tamir’s scale (1991)
and reveal the way they engage in scientific inquiry — that was part of a “science
methods” course. The three parts were: (1) pre-service teachers were asked to con-
duct their own inquiry investigation and present their findings at a university course-
based science fair; (2) pre-service teachers were asked to participate as judges at a
school-based science fair and describe in writing the projects they felt were the best
exemplars of science inquiry; and (3) pre-service teachers were asked to read
Bencze and Bowen (2009)° and make connections between this paper and the sci-
ence fair in which they acted as a judge. The following is a synopsis of the assign-
ment as provided to students:

SBencze and Bowen (2009) concluded that for students, apart from positive outcomes regarding
science literacy that are developed in science fair projects, there may be some significant issues
about the fair that warrant critical review. For instance, it is apparent that there are issues of access,
image, and recruitment associated with the fair such that participation in the fair appears to favour
students from advantaged, resource-rich backgrounds and, in particular, offers particular advan-
tages to corporate sponsors highlighting their connection to science. The latter frames science as
an activity geared primarily to solving economic and monetary/business problems and not one
which is more holistically about knowledge generation and developing a deeper understanding of
our world.
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This Assignment Has Three Parts as Follows:

(1) You will carry out an extended open-ended science investigation. You may
work together with a partner if you wish. You should choose a question to
investigate and gather data over time (8 weeks are available). You should
strive to formulate an original question about the everyday world around you
that you can explore using easily accessible materials and equipment (most
material and equipment requests can be accommodated using our existing
science resources). You will present the findings of your investigation in a
poster board (available in our resource centre) presentation as a part of an
in-class science fair held near the end of this course. You should keep a jour-
nal that records your activities in this project over time. Your project will be
evaluated using the Canada Wide Science Fair Evaluation Rubric (Note:
CWSF judging has changed since this activity).

(2) In the second part of this assignment you will participate in a local sci-
ence fair as a judge. The local Junior School will hold a science fair and
everyone in our Science Education course has been invited to participate as
judges. At the science fair you will be given a judging assignment that will
involve you in interacting with several young people in short (i.e. 10-15 min)
discussions about their projects and using the school science fair rubric (i.e.
Canada Wide Science Fair Evaluation Rubric) to evaluate projects. After the
completion of the science fair, you should write a short essay (e.g. I-2 pages)
in which you describe key aspects of the projects that impressed you as being
good examples of science inquiry.

(3) After the completion of the science fair, you are asked to write a reflec-
tive essay in which you use specific examples from the science fair to respond
to the arguments of Bencze and Bowen (2009). It will be important to make
specific reference to cases from the science fair where you act as a judge as
you respond to this paper. Try to respond to the following questions: What
did/did not surprise you in the science fair? What would you change about the
science fair, if you could change anything? Do you agree with the perspective
toward science fairs presented by Bencze and Bowen?

There were 50 pre-service teachers involved in this activity and all were students
in a 2-year post—baccalaureate teacher preparation program. All of the participants
had successfully completed a BSc degree at a Canadian university that involved
them completing at least 30 credits of undergraduate university science coursework
including lab-based science courses. Approximately half of the participants reported
they had participated at least once in a middle-school and/or high-school based sci-
ence fair as a student.


http://www.ysf-fsj.ca/files/PDF/documents/judging/CWSF_Judging_Form-08_EN.pdf
http://www.ysf-fsj.ca/files/PDF/documents/judging/CWSF_Judging_Form-08_EN.pdf
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Table 13.1 Example “Science Fair Project” questions

Project question Project type Level
Does the color of food affect the way people taste it? Experiment 1
What Tea Cozy material is the best insulator? Experiment 2
What kinds of bacteria can we find on our hands? Experiment 2
What kind of toothpaste works best? Study 1
What kind of yeast works best? Experiment 2
‘What kinds of bioluminescent sea creatures exist? Study 1
How does the amount of borax in a slime solution affect its’ Experiment 1
viscosity?

How does DNA extraction and gel electrophoresis work? Study 2
What is the best environment for mealworms to thrive? Experiment 1
How does chromatography work? Study 1
What detergent works best? Experiment 1
How does the weight of an object affect its tendency to slide? Experiment 2
What is the staining impact of various materials on teeth? Study 1
What are the uses of M’kmaq herbal medicines? Study 1
How strong are eggshell supports? Study 1

Inquiry Perspectives Revealed by Pre-service Teachers’ Science Fair
Investigations

The science fair projects carried out by the pre-service teachers were disappointing
to me, as their professor, in the sense that they were not high level inquiry projects,
based on the Canada Wide Science Fair Evaluation Rubric. As the professor, I rated
all of the projects presented by the pre-service teachers in the science education
course. Most of the projects were low level (i.e. level 1 or 2) on Tamir’s scale
whether they were studies or experiments. In short, none of the pre-service teachers
in the class carried out a high level (i.e. level 3 or 4) inquiry project even though
those had been presented to, discussed and modeled with the students previous to
the assignment. A typical list of the questions investigated is presented below (Table
13.1).

This list of questions reveals that none of the pre-service teachers chose to inves-
tigate an original question (i.e. one that they did not know the answer to in advance).
The pre-service teachers in this example seemed to choose one of two ways to
engage in their own science fair inquiry activity. One category of students used the
opportunity to recreate science fair projects they had found reported on the internet.
This group rationalized their decision by saying that it was a valuable way for them
to better understand a project they might encounter during their potential engage-
ments with young people’s school based science fair projects. The second category
of students used the opportunity to refine an undergraduate university-based lab to
“give it science fair qualities”. This group rationalized their decision as being an
opportunity to develop a resource that might be potentially useful in their future
teaching. Revealed both through verbal comments and various written submissions,
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essentially none of the pre-service teachers felt that high level inquiry based think-
ing was an important or necessary component of their teacher education program.

The pre-service teachers who had some experience in university-based science
inquiry (e.g. as research assistants) also reported that they did not consider high-
level science inquiry to be especially important at this point in their development as
teachers. Many of the pre-service teachers felt the amount of time and energy they
would need to invest in a high-level inquiry project would be too much for a three
credit science methods course as part of their B.Ed. experience. Pre-service teachers
who described this belief tended to choose science fair projects based on university-
based science labs they had completed as a part of their undergraduate degree
(sometimes with small modifications).

Conversations held with the pre-service teachers after the completion of their
science fair projects revealed that most of them did not consider themselves to have
ever engaged in authentic science inquiry, either in school-based or university-based
science experiences, so perhaps it should not be surprising that these pre-service
teachers were not able to produce high level inquiry projects despite their science
degrees.

Inquiry Perspectives Revealed by Pre-service Teachers’ Experiences
as Science Fair Judges

The pre-service teachers all reported they enjoyed their experiences as judges in the
school-based science fair. The pre-service teachers visited three separate school sci-
ence fairs displaying projects completed by students in grades 7—10. A portion of a
typical response by pre-service teachers is shown as follows:

... To finish off this reflection I want to touch on a couple of the questions presented to us. I
was surprised that no one did a presentation on something that I had never heard of before.
Each topic was something that I knew what the result was going to be before I started. It did
not surprise me on how well the students did on the presentations. Being involved in the
school previously I had known the high expectations the teachers have for the students. If it
was possible to change one thing about science fair I would want all the students to do
something original. I was not able to see any innovations and I think this would be a perfect
section for this part. However, I do not think that innovations and original ideas are the
most important part of a science fair. Rather, I think that motivating students to want to do
more science is the most important thing. The students that I talked to were all very excited
to be participating in the science fair.

This response is “typical” in that the pre-service teachers noticed that student proj-
ects were typically not original, they did not consider it an important consideration
in the quality of the student projects. This suggests that their orientation was towards
having students engage in more traditional “confirmatory” investigations rather than
having them conduct more original investigations.

After reading the article by Bencze and Bowen (2009) and being asked to com-
ment on it, virtually all of the pre-service teachers disagreed with the perspective
presented in this article. Overall, they tended to dismiss the issues identified in the
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paper and chose to focus on what they perceived as significant benefits for school
students during science fair engagements. For instance, one pre-service teacher
wrote in his reflection:

The last thing that I want to talk about is the stressful and frustrating part mentioned by
Benzce & Bowen (2009). Being in the classroom before this science fair was carried out, I
was able to see that the students were given months for figuring out their topics and ideas
and they had many deadlines along the way so they did not complete the activity in one
night. The science fair provided an excellent opportunity for students to work in a hands-on
way and display their multiple intelligences. Overall, I think that science fairs are great
tools that allow the students to have some fun with science.

All of the pre-service teachers highlighted the “fun” aspect of science fairs. I
now suspect pre-service teachers are not fully ready to think about science fairs in a
critical way. This suggests they need more experiences interacting with young peo-
ple involved in science fair activities in order to develop a more critical eye about
student participation in science fairs. My own experience as a science educator in
Nova Scotia is that many teachers in schools tend to remove themselves from the
science fair process (either as judges or as support people) because they do not feel
qualified to support inquiry of any kind. Most school-based science fairs and
regional science fairs select judges who are not active teachers. I think this suggests
that school teachers also need to develop a deeper understanding of inquiry and
need to become more involved in the nature of their students’ thinking as the stu-
dents engage in science fair activities.

Discussion and Implications from the “Science Fair” Activity

It seems that my pre-service teachers considered motivational features of science
fairs to be the most important learning component of this kind of learning experi-
ence. All of the pre-service teachers engaged only in relatively low-level inquiry
projects when asked to conduct their own investigations. In fact, all of these teachers
reported that they did not consider their own performance as science investigators to
be tightly connected to their future performance as teachers. In short, they seemed
to be saying that one does not need to be able to do inquiry in order to teach inquiry
effectively.

In their reports of what they noticed in their science fair judging experience, pre-
service teachers tended to focus their attention on project features such as length of
time, STSE connections, independence, and quality of the written and oral reports
made by young people. While these features are useful to know about, none of these
features focus on the level of inquiry displayed.

Finally, after reading Bencze and Bowen (2009), and reflecting on this piece of
literature in the context of their school based science fair experiences, none of the
students considered the issues described in this paper to be relevant. The pre-service
teachers all tended to emphasize the “fun” and “hands-on” dimensions of science
fair experiences for young people as being most important and tended to ignore
more complex issues of privilege, power, and money that had been identified in the
article.
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I think this teaching example suggests that we need to rethink the way that a sci-
ence fair experience for preservice teachers does or doesn't promote inquiry based
learning. A science fair tends to be an experience that involves individuals in an
almost completely independent activity, unlike much of the practice of science.
While the promotion of inquiry based learning is a reasonable goal, it seems that
more scaffolding, perhaps through guided-inquiry activities, is needed to help build
a more complex and nuanced understanding of inquiry investigations, both with
young people and with pre-service teachers, before being asked to engage in inde-
pendent inquiry investigation activities.

The way the pre-service teachers involved perceived the importance of inquiry
thinking as a part of their teacher development experiences remains a challenge.
How can these pre-service teachers be encouraged to consider their own inquiries as
important to their teaching? Perhaps rethinking the focus of the inquiry may be a
useful way to move forward on this question. Rather than asking pre-service teach-
ers to conduct original inquiries on science themes, perhaps teacher educators
should ask them to conduct inquiries on topics they consider to be more relevant to
their development as teachers. One way this might be addressed is to require teach-
ers to conduct action research studies into their own practice during the field experi-
ence components of their teacher education program. Of course, this would require
that pre-service teachers be introduced and educated in action research methodolo-
gies, a significant departure from the typical curriculum of many teacher education
institutions in Canada.

Insights from the Cross-Case Examination

All of the examples reported pre-service teachers engaging (reasonably) enthusias-
tically in the various types of inquiry activities they were engaged in. The different
investigation activities can be thought of as laying along a trajectory of complexity
running from Bartley’s example where students were expected to extrapolate, in
some fashion, from known data to an unknown situation. Farther along that trajec-
tory, in Bowen’s example the students were provided a research question and were
expected to develop a methodology, collect data and draw conclusions. Finally, at
the terminus of that trajectory, MacDonald’s students engaged in activities most
resembling “authentic” science in that they were expected to engage in an open-
inquiry activity, evaluate other science investigations, and then reflect on the bene-
fits of those previous activities. From this we can see that the three different activities
map onto Tamir’s “Levels of Inquiry” scale (Tamir, 1991; described in Bartley’s
section) to facilitate a discussion about where “breakdowns” in student performance
are found.

All three activities are ones which science faculty (i.e., professors of science)
would expect graduates of their program to engage with successfully, in the case of
MacDonald’s activity at a high level on Tamir’s (1991) scale (unpublished data).
The example described by Bartley that examined the very beginning of data literacy,
framing variables, deciding on criteria, and extrapolation from small to large
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samples, reported both considerable student enthusiasm and engagement, as well as
satisfaction on the part of the instructor with the progress made with this as an
introductory activity to introduce these concepts to his pre-service students. In
Bartley’s example, different approaches to solving the stipulated problem were
acceptable, use of outside resources allowed, and collaboration and discussion
across groups occurred — thus apart from other NOS perspectives (Lederman, 1992),
the social nature of science communities were also conveyed (Latour, 1987; Latour
& Woolgar, 1979). From a complexity perspective Bartley’s example would appear
less difficult than the other two examples because of the provision of the initial data
(the ratio of water: jello at specific volumes) from which students could seemingly
extrapolate to larger quantities.

The Bowen and MacDonald teaching examples both described student engage-
ment in forms of ‘authentic’ inquiry (Level 2 and 3 respectively, Tamir (1991))
which were more complex than Bartley’s because of the need to establish the pre-
liminary relationships (from which, in Bowen’s example, extrapolation could then
occur). Both Bowen and MacDonald’s examples reported on numerous issues with
data literacy and inquiry that arose from their pre-service teacher student participa-
tion. In MacDonald’s example there was an attitudinal issue in that the students
themselves did not think that competency with inquiry/data literacy was relevant to
their role as a teacher (this mirrors attitudes reported by Melear et al. (2000) who
also engaged preservice science teachers in inquiry investigation activities in a
course specifically focused on those), and this attitude may have influenced the
depth of their engagement and the quality of their work. However, in contrast, the
Bowen example described an activity where student time was essentially not limited
so students had as much time as they wished for the activity to be conducted in the
detail they desired and there was considerable engagement in the activity with most
students participating enthusiastically and positively. Despite this, in the pre-service
teacher grass count studies there were often low sampling rates, either or both of
categorization of different zones by grass density and the counting of grass in small
samples to be extrapolated upwards, and numerous other methodological issues. In
this instance, it is hard to argue that there was a time or resource issue as the pre-
service teachers had access to the internet in the classroom as well as resource
books. Thus, a lack of time and resources can not be responsible for limiting the
quality of their work, nor that their interest was lagging. In both the Bowen and
MacDonald examples, one gets the sense that the pre-service students are
under-challenging themselves conceptually from a science perspective, and often it
seemed as if they weren’t approaching the problems from a conceptual perspective
at all; this might be understandable in MacDonald’s example where a time limit was
set, but less so in the case of Bowen’s example where time restrictions were not
imposed. Although it is arguable that explicit instruction could be used, in both
cases there was a diagnostic aspect of the activity in that the instructors were
attempting to determine what students would implement of their own accord. Both
instructors engaged in explicit instruction in later activities but with apparently lim-
ited success at addressing the inquiry issues as demonstrated when students were,
again, expected to engage in some investigation they themselves had designed. In
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some ways what really seems to limit many preservice science teachers in their own
investigation efforts is their perspective that doing such activities is not something
their own students will need to do nor should be expected to do under their direction
as teachers. That they would have this perspective is not be all that surprising given
their own experiences as students and the way in which science is presented in text-
books (Binns & Bell, 2015).

Studies reporting on issues with pre-service teachers’ competencies with data
literacy issues, some from authors of this paper, have often suggested that it is
important to develop these competencies in methods courses and that perhaps even
a separate course “on” inquiry is warranted. Claudia Melear and her colleagues at
the University of Tennessee have conducted courses such as this for over a decade
(see Bowen & Bencze, 2008 for a summary of this work, and other references
therein) and have reported some success with this approach, although it was only a
small subset of pre-service teachers in each Bachelor of Education program who
participated in their course. However, in this chapter one of us has suggested an
approach wherein competency with research practices, including data literacy,
could be developed in pre-service teachers through the use of action research. There
are differing views amongst the authors on this, as another of us (GMB) has been at
two universities where action research was a part of the Bachelor of Education pro-
gram and in both cases, he found considerable disinterest amongst the pre-service
science teachers in participating in that type of research (with many being outright
disdainful of that research approach when asked why they hadn’t taken the action
research course). At Bowen’s current institution an attempt was made to implement
action research as an activity in the BEd program-wide “seminar” course, and the
comments made in their “methods” course by preservice science teachers about this
activity were almost universally negative. This does not exclude including action
research in a science “methods” course as an approach to address data literacy
issues, but suggests that particular care must occur in designing such a course so
that the pre-service science teachers engage in positive participation.

It is possible that the reasons for the negative outcomes, described by both
Bowen and MacDonald, reside in why these pre-service teachers decided to go into
teaching instead of staying in science — we speculate that perhaps many of these
individuals are not really interested in research and related issues, such as dealing
with abstractions, intangibles, unknowns and uncertainties, which are found embed-
ded in science research. Recently, when his department was presented some of the
findings of this study in a professional development session, a chemistry department
head commented that it was only ever the weaker students in his department who
didn’t really seem interested in science who went into education programs so he
didn’t’ find the findings all that surprising (unpublished data). If this is indeed more
broadly the case, it would certainly help explain the relative disinterest in science
inquiry investigations reported here by MacDonald (and others of us elsewhere).

Clearly, when you remember that these pre-service teachers are being certified to
teach high school science, including International Baccalaureate courses and other
senior courses, it is evident that there are insufficiencies in the competencies with
data literacy that were revealed in one of the examples (Bowen’s), and which were
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only beginning to be addressed in the other two examples. If we truly expect to have
high school teachers teach inquiry-oriented courses, then at least in the Canadian
context, where most of our science education students have attained 4-year BSc
degrees, we need to adopt other approaches to help develop the associated data lit-
eracy skills. Whether that involves specialized science inquiry investigation courses
in BEd programs, adoption of action research courses during the BEd degree,
requirements of prerequisites such as honours thesis courses from the science degree
or statistics courses, or some combination of all of these, there are issues with data
literacy that science methods professors need to both better understand and develop
better strategies to address. However, in this day and age of declining enrolments,
when administrators are often less discriminating than in past about who is admitted
to our programs, we recognize that we will certainly have challenges ahead of us in
driving such an agenda.

It’s worth noting that in this chapter we have only described three individual
activities in our courses — courses which have other activities designed to address
issues with conducting inquiry investigation activities and data literacy — the suc-
cess of students in these described individual activities do not necessarily reflect
their competencies with inquiry at the end of their programs. What we have done in
this paper, we hope, is provided an indication of where the problems with inquiry
begin with students so that our peers can better think of how to address these issues
with their own students. In keeping with recommendations made for the need for
“multiple experiences, spanning several semesters, in which potential teachers of
science are routinely expected to engage in authentic science activity and the use of
inscription...” (Lunsford, Melear, Roth, Perkins, & Hickok, 2007, p. 561) both
Bartley and Bowen believe that other follow-up activities they engage in over at
least two semesters lead to greater data literacy by the end of their programs, and a
greater orientation towards engaging their own future students in inquiry investiga-
tions, than was evident at the end of these described example activities. In contrast
with the inquiry-focused “Knowing and Teaching Science: Just Do It” (non-
methods) course reported on by Melear (see Brown & Melear, 2006; Lunsford et al.,
2007; Melear et al., 2000), which did not seemingly lead to much focus on the
teaching of inquiry in their own courses, all of us believe that the integration of a
series of inquiry activities in our methods courses leads to a stronger inclination
towards doing higher-order inquiry investigations by our program’s graduates in
their own future classrooms (an area of future investigation for us).

Coda: Changes in Perspectives and Practices

In the beginning the four of us thought that our struggles were individual...that the
student outcomes were based on our individual interactions, our particular pool of
teacher candidates, the activities we designed, the way we enacted those activities.
All too often conversations at conferences were not about teaching methods courses,
not about what challenges we faced when teaching those courses, not about what we
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were experiencing with our students. In Bowen’s case he experienced these issues
with engagement in higher level inquiry activities at several of the institutions he
worked at (some of which has been reported in other literature). Realizing that the
challenges with inquiry are more than “just mine” provide a considerable incentive
to work at resolving the issue. Our expectation as science “methods” instructors was
that our students should easily be able to engage in inquiry activities at reasonably
high levels and some of us (particularly Bowen, MacDonald and Sherman) over the
years were quite surprised at the struggles our students had with those sorts of activ-
ities. We realized that our “assumption” — that students coming into education pro-
grams with BSc degrees should be able to do inquiry and so teaching them to teach
it should be reasonably straightforward — was deeply flawed. Clearly our “methods”
teaching had to address inquiry investigations in a more fundamental and basic
fashion and for our students we have to start from the basic assumption that know-
ing about inquiry is not the same as being able to do inquiry.

All of us have subsequently worked at developing other activities to further our
interests at improving data literacy and inquiry competency in our “methods” stu-
dents...particularly hands-on activities combined with explicit instruction on
inquiry. Shortly after completing this work Sherman and MacDonald both entered
administrative roles so both teach “methods” much less frequently than previously
(although there is much to be said for having an administrator who strongly sup-
ports science methods professors in engaging their pre-service students in inquiry
activities, as sometimes there is considerable student resistance). With insights
gained from this work Bowen and Bartley developed a series of activities on improv-
ing data literacy, tested with their methods courses, which they now conduct work-
shops on at the national conference of the National Science Teachers Association
and elsewhere regionally. Recently those activities were developed into a book on
data literacy (Bowen & Bartley, 2013) which is now used widely in science teacher
professional development workshops and action research courses in the United
States. Further “teacher professional” publications on these issues are also
forthcoming.
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