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Abstract

We report on a pilot study investigating student writing about radioactive waste before and after instruction
on half-life. We found that none of the (IN = 21) 12%-grade students mentioned half-life on the post-test
writing task. This is consistent with previous research conducted by Eijkelhof ¢# a/ which showed that
students are unlikely to be influenced in terms of their views about topics in the lifeworld (such as where to
store waste from nuclear power plants). Our study is pioneering in that we analyze both student writings
and responses to survey questions in our assertion that the issue is neither student writing ability nor
conceptual understanding. We hypothesize, rather, that students do not think the topic of half-life is relevant
to the writing task. Instruction aiming to improve student writing about science issues in the lifeworld should
provide scaffolding to emphasize the usefulness of school knowledge in that writing.
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Introduction

In their 2030 Agenda for Sustainable Development, the United Nations described climate change
as “one of the greatest challenges of our time” (United Nations, 2015). They listed 17
“Sustainable Development Goals”, with goal number 7 being to “ensure... sustainable and
modern energy for all,” particularly for least-developed countries, which are expected to require

State of the literature

* The student idea that half of an individual atom decays after one half-life has been documented and
shown to be prevalent, but it is unclear how that idea develops when students learn about half-life.

* Research has shown that students activate knowledge resources in response to how they are framing
an activity epistemologically, but not much has been done looking at radioactivity.

» Students struggle with integrating subject-specific language into their vocabulary and, in a second
step, into their writing. Previous research has focused on how the learners’ use of subject-specific
language may be improved and found that, amongst others, teaching language and content in an
integrated approach such as CLIL or linguistically responsive teaching supports students in learning
and acquiring domain-specific language (Bonnet, 2004; Cummins, 2000; Dalton-Puffer, 2008; Tajmel,
2017).

Contribution of this paper to the literature

*  We present baseline data of improving student conceptual understanding about half-life as a result
of instruction.

*  We show that even students who have succeeded in coming to understand half-life might not feel
inclined to use the concept in writing about lifeworld topics where it would be appropriate to do so,
such as where to store waste from nuclear power plants.

* We further show that student hesitancy to use the concept of half-life in writing does not come from
writing inadequacy. Even the best essays that would otherwise receive full points did not mention
half-life. The disconnect, we argue, seems to be rather at the level of student expectations about what
is appropriate content for writing about lifeworld topics.

significant increases in energy per capita as they develop. Energy sources which are “sustainable”,
in the sense that they do not exacerbate climate change, are ones which emit minimal greenhouse
gases. The International Atomic Energy Association, a subgroup of the United Nations, describes
nuclear fission power as being a candidate for such an energy source, and they encourage
developing nations to consider adding nuclear energy to their “energy mix” (International Atomic
Energy Agency, 2017). Over the source life cycle, nuclear power plants produce fewer greenhouse
gases per kilowatt-hour than even photovoltaic cells, and air pollution is similarly marginal
(International Atomic Energy Agency, 2017).

Despite these benefits, there are significant disadvantages to nuclear energy as well. Fission
reactors rely upon rare-earth elements, so named because they are relatively scarce. Although the
Organisation for Economic Co-Operation and Development estimates sufficient uranium supply
for over 135 years, that is assuming that growth remains restricted (OECD, 2016). The upfront
capital investment in building a nuclear power plant is prohibitively high. Even more prohibitive
is the struggle to find waste storage sites which can withstand the extremely long time required
for the waste’s radioactivity to reach acceptable limits. The primary ingredient in spent fuel pins,
like in the mined uranium ore itself, is U-238, which has a half-life of 4.5 billion years. As such,
these repositories must outlive not only political changes and shifting territory boundary lines,
but dramatic geological changes (like the next ice age) as well. There are currently no operating
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permanent repositories for high-level nuclear waste (although Finland may change that in the
near future (El-Showk, 2022)). While part of the difficulty to find appropriate waste storage
locations is technological, much of the challenge comes from a “not in my backyard!” mindset
from the public. Generally, the public has a very negative image towards nuclear energy which
includes the above reasons as well as a host of other ideas which are either exaggerations or
falsehoods (for example, that a nuclear power plant can explode with the devastating power of a
nuclear bomb (Eijkelhof et al., 1990)).

When it comes to making decisions about the future of energy, the public should be educated
and informed about nuclear energy, both the benefits and challenges. One of the key challenges
is the issue of where to store nuclear waste. Central to understanding this difficulty is an
understanding of the concept of half-life. Previous research has shown that students struggle to
understand half-life. Although the point at which an individual nucleus decays is taken to be
random, there is nevertheless a characteristic time necessary for half of a large number of nuclei
of a given radioactive isotope to decay (the “half-life”). Several studies have demonstrated
students applying the concept of half-life not only to the collective substance, but also to
individual nuclei, viewing the nucleus itself as being half-decayed or having lost half its radiation
after one half-life (Hull & Hopf, 2020; Jansky, 2019; Klaassen et al., 1990). Many students think
that a radioactive sample loses half of its total number of atoms (and hence mass and volume as
well) after one half-life! (Prather, 2000, 2005). Lucas (1987) administered a survey to over 1000
adults and over 25% said that radioactive waste would “decay within 100 years.” Eijkelhof
mentioned that some of the difficulties people face in understanding radioactivity could arise in
part because radioactive decay is stochastic in nature (Eijkelhof, 1990), and we have supported
and expanded upon this idea in a recent literature review of probability-related students’
conceptions across physics topics (Hull et al., 2021). Part of the issue, it has been argued, is how
radioactivity is discussed in the media (Eijkelhof & Millar, 1988). Eijkelhof & Millar (1988)
surveyed over 500 articles that were published between April 29th and June 30th 1986 (the first
few months immediately after the nuclear reactor accident at Chernobyl). One finding was that
“radiation/radioactivity appeats to be seen as something with a definite life-time.” Soutces
described some radioisotopes as having a “short life” corresponding to the half-life. Others
described radioisotopes as retaining their “maximum radioactivity” for the duration of the half-
life. The authors concluded that “the model is of something which is ‘active’ or dangerous’ for a
certain time and then becomes ‘safe’ or ‘spent™
situation is largely unchanged. The first hit produced with a Google search on Feb. 7, 2023 of
“nuclear energy waste” was U.S. Energy Information Administration’s site “Nuclear explained:

. A casual look online today reveals that the

Nuclear power and the environment.” Although the site does offer a definition and explanation

I'In fact, the daughter nuclei, which remain in the sample, are essentially the same mass as the
parent nuclei.

of half-life (3 of the first 10 hits did so), it also states “A major environmental concern related to
nuclear power is the creation of radioactive wastes such as uranium mill tailings, spent (used)
reactor fuel, and other radioactive wastes. These materials can remain radioactive and dangerous
to human health for thousands of years,” which conjures an image of the material having a
definite life-time, just as writings after Chernobyl did. Eijkelhof and Millar argued that part of the
reason for inaccuracies in writing about radioactivity may be a lack of conceptual understanding
about half-life, but it may also be motivated by consideration of the readers’ interests.

“The journalists who wrote articles on Chernobyl ranged across the expert/lay divide.
It clearly cannot be taken for granted that what they wrote always reflected their own
understandings ... The demands of popularization, of writing for a lay audience,
impose their own constraints” (Eijkelhof & Millar, 1988).

This is a point that we will return to, first in the Literature Review, and then in the Discussion,
in making sense of our own study results.

Research conducted by M.M.H. on student understanding of half-life (e.g., Hull, Holzinger, et
al., 2022; Hull, Jansky, et al., 2022) has shown that it is difficult for learners to grapple with the
idea that random behavior of individual atoms can give rise to predictable patterns in the
collective. Many students have said both on the Stochastic World of Radioactive Decay
Evaluation (SWORDE) and in interviews that, if you are looking at an individual atom, half of
the atom will have decayed after one half-life. Findings have indicated, however, that this idea (of
individual atoms decaying in a predictably continuous manner) is often not a robust and intact
mental structure; rather, in other contexts, the same students correctly discuss decay as being
instantaneous and unpredictable (Hull, Holzinger, et al., 2022; Hull, Jansky, et al., 2022). In this
paper, we investigate a new context, that of a writing prompt about a real-world situation. Our
research question is “how are student understanding about half-life and writing about
radioactive waste affected by instruction on the topic of half-life? In particular, do
students continue to discuss radioactive waste as having a ‘life-time’, or do they
appropriately and correctly draw upon the concept of half-life in their writings?” Our study
is pioneering in that, through analysis of both student writings and responses to survey questions,
we find that students fail to draw upon school-learned content knowledge in their writing not
because of poor writing ability or lack of conceptual understanding. Rather, we posit that students
who do not draw upon the concept of half-life in writing about radioactive waste do not see it as
relevant information to include.
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This study is important for an additional reason as well. Prior work investigating student
understanding of half-life, both of the first author and the other works discussed above, generally
takes the form of a snapshot of student understanding, looking at a single interview or a single
set of survey responses. There is a lack of data pertaining to student growth in understanding of
half-life pre/post instruction. This is a significant gap that our work aims to help fill. In this papet,
we present data of student conceptual understanding pre- and post-instruction about half-life.
This data can serve as a baseline from which to compare other pedagogical approaches towards
teaching the topic of half-life.

Literature Review

In addition to the studies described above in the Introduction pertaining to student ideas about
radioactivity and half-life, there are two bodies of research literature relevant for our study, both
of which we will discuss in this section. The first, that of “epistemological framing”, attends to
the question of what kind of “game” do students think they are playing (for example, in the
classroom)? What are the “rules” of this “game”? What are valid “moves”, and what kind of
behavior would be inappropriater The second body of research pertains specifically to student
writing and its assessment.

Epistemological framing
Eijkelhof’s PhD thesis discussed the results of an attempt initiated in the 1970’s to relate physics
with the world outside the classtoom, the “Dutch Physics Cutriculum Development Project” (an
English translation, with the original Dutch name abbreviated “PLON?). In particular, Eijkelhof
discussed one of the units called “lonizing Radiation”, which had the goal that “pupils [in 12t
grade] should learn to use scientific knowledge in situations in which risks of ionizing radiation
have to be assessed” (Eijkelhof, 1990, p. 24). The 102 students completed a 16 item-attitude test
before and after instruction, and student attitudes (particulatly those of the gitls) towards
radioactivity were seen to improve after instruction. Furthermore, student ranking of five risk-
bearing situations showed that “living near a nuclear reactor” decreased in perceived risk after
instruction, aligning more closely with the expert ranking (Eijkelhof, 1986). Nevertheless,
Eijkelhof concluded that “the aim of increasing the reasoning ability of pupils by including
knowledge from the unit has not been obtained satisfactorily” (Eijkelhof, 1990, p. 29).
Specifically, two free response prompts were administered to the students pre- and post-
instruction. The first prompt asked students to comment on the opinion that “the disposal of
radioactive waste in sea [si] is not very serious.” Approximately 80% of students disagreed with
the statement both before and after instruction, and students were equally unlikely after
instruction to use content they had learned in their responses. Instead, responses were “mainly
of a commonsense nature, such as: “‘When the vessels are damaged the fish will die”” (Eijkelhof,
1986). On the second prompt, on the other hand, “Food which has been irradiated by a
radioactive source in order to preserve it, should be banned in the Netherlands,” student views

became more tolerant towards radioactivity on the post-test, and students were more inclined to
draw upon what they had learned in class, with responses like “if the food itself does not become
radioactive it is not a problem” (Eijkelhof, 1990, p. 29). A plausible explanation for the differing
outcomes between these two prompts is that the first prompt, pertaining to radioactive waste
management, was “a much debated issue in the Netherlands. Previously held opinions are not
easily changed. .. Irradiation of food is a less well-known application of radiation. It may be that
the content of the unit has a greater influence on students’ opinions on topics which are not the
subject of recent public debates” (Eijkelhof, 1986). One hypothesized reason for why “the aim
of ... the unit has not been obtained satisfactorily” was that “the questions asked in the pre- and
post-tests evoked ready answers from the lifeworld which were evident in the eyes of the pupils;
in this case there was no need felt to apply scientific knowledge” (p. 30). Although Eijkelhof did
not use the phrase himself, this idea of not feeling a need to apply knowledge (for example, in
responding to something that one has already frequently heard discussed outside of the
classroom) is something that other education researchers have discussed with the lens of
“epistemological framing”, which we will now discuss.

Eijkelhof’s point was that there is something going on with the students learning about
radioactivity that was not purely conceptual in nature. Redish, in discussing similar situations to
this, offers the explanation that “errors... may occur not only because of lack of knowledge but
also through ... mismatches of situations and expectations about the task that result in students
Jfailing to access knowledge they actually have” (italics in original) (Redish, 2014). In Eijkelhof’s study,
there was an attitudinal piece, a disconnect between the teacher and the students about the nature
of the knowledge being learned that resulted in students failing to access the knowledge they had
gained through their learning. Student views about the nature of knowledge and learning (or
“epistemology” (Hofer & Pintrich, 1997)) is one that has received much attention in the field of
physics education research (e.g., Adams et al., 2006; Hammer, 1994; Redish, 2003; Redish &
Hammer, 2009). On a societal level, epistemology plays a role in that the public’s perception of
science affects funding for scientific research. On an academic level, it has been shown that
epistemology correlates with which physics courses students choose to take, how much they learn
in those courses (Halloun & Hestenes, 1998; Perkins & Gratny, 2010), how interested in physics
they will be (Perkins et al., 2005), and on whether or not they become a physics major (Perkins
& Gratny, 2010). This is not altogether surprising, if we consider that students who robustly
perceive physics to be a plethora of disconnected facts, for example, might be content to
memorize equations without considering how they relate to each other or to the real world
(Hammer, 1989; Lising & Elby, 2005; Rosenberg et al., 2006). Unfortunately, in introductory
physics courses, it is common for students’ views about the learning of physics to become less
expert-like over the course of the semester (e.g., Adams et al., 2006; Redish et al., 1998). This
applies to courses taught with traditional pedagogy as well as to many courses that adopt reform
curricula and interactive engagement techniques.
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Epistemological framing (Hammer et al., 2006; Redish, 2004, 2014) is a cognitive (often
subconscious) activity that draws upon one’s epistemology to answer the question “what kind of
knowledge/learning is approptiate in this situation?”” Similar to how a picture frame serves to
create a space through which to view the picture, students frame what is going on in the
classroom. That framing is developed through past experiences, both in and out of school. For
example, by high school, most students have developed the expectation that they will sit in an
assigned seat and that they will watch and listen to their teacher. When student framing is strongly
affected by epistemological views, it is frequently referred to as “epistemological framing”. One
common epistemological frame is what is referred to as the “classroom game”, expecting
knowledge to come in the form of ready-to-use bits (such as a physics formula) received directly
from the instructor. An alternative epistemological frame (that is unfortunately much less
common in physics classrooms) is “make sense of phenomena”, where students expect
knowledge to have the potential of coming from anywhere, so students play the role of producing
and assessing that knowledge for whether or not it matches what they believe and understand
(Hutchison & Hammer, 2010). Redish describes epistemological framing as something students
do any time they are “put in a situation in which they have to construct some knowledge — answer
a question, solve a problem, analyze a text or experiment.” Students “make a quick and dynamic
decision (again, not necessarily consciously) about ‘what is going on’. They decide how to restrict
their search space in their long-term memory — what knowledge they have that might be relevant
to bring to beat and how to approach what they need to do” (Redish, 2014).

We find it at least plausible that students in Eijkelhof’s study did not apply what they learned in
the classroom to the lifeworld questions they were asked because of epistemological framing. We
can easily imagine a student who (probably subconsciously) thinks something like “this question
is asking me about a real-world situation, so physics content is not an appropriate thing to
discuss.”

Writing tasks and assessment

Being able to understand and use scientific and academic language appropriately is a prerequisite
for being scientifically literate (Markic et al., 2013). In other words, “being able to use, understand
and explain main ideas of science or participate in social debate about a science related issue, e. g
climate change” (Markic et al., 2013, p. 129) necessitates linguistic competence. As a consequence,
teachers, as ‘interpreters’ and competent users of academic and scientific language (Laszlo, 2013;
Monch & Markic, 2022), must offer their linguistic knowledge and opportunities for the students
to develop their linguistic skills in natural science classes. This knowledge may be seen as part of
the teachers’ pedagogical content knowledge (PCK) (Bishop & Denley, 2007; Catlson et al., 2019;
Ménch & Markic, 2022). Linguistically responsive lesson plans in particular support learners in
how to comprehend and produce subject-specific linguistic structures and in how to develop
their linguistic skills, 7e., reading, speaking, writing, and listening (Butler & Goschler, 2019).

In the physics classroom, linguistic structures are generally offered within the boundaries of text-
types, Ze. spoken or written texts grouped together due to shared characteristics (Hedge, 2019;
Paltridge, 1996). Here, text-types such as reports, descriptions, and recounts of a procedure are
of great importance. In order to be able to compose and produce these scientific texts, both the
learners’ knowledge about science and their linguistic competence are needed. For that reason,
linguistically responsive lesson plans and scaffolding come into play (Butler & Goschler, 2019;
Khniffka, 2013; Petersen & Tajmel, 2015; Tajmel, 2017). According to van Lier (1996), scaffolding
should offer several avenues of support:

e contextual support,

e continuity between routine and variation,

e intersubjectivity in the form of mutual engagement during a lesson,
e cxistence of flow in the working process,

e contingency as support that caters to individual students’ needs, and

e handover in that scaffolding is removed over time.

Scaffolds in general aim at providing learners with tasks that target their zone of proximal
development (Lloyd & Fernyhough, 1999), so learners are both challenged and supported.
Consequently, subject-specific writing tasks should offer both support concerning what language
the learners are supposed to use to produce the text and what scientific background knowledge
is needed to complete the task. These writing processes can take place in an iwitative manner (in
which correctness is not important) or in a controlled way (in which learners are to use appropriate
vocabulary and lexis in a given context). Learners can produce responsive text to a task description,
or they can write freely in an exzensive manner. To offer scaffolding in these writing settings, a text
may be broken down into parts by offering the learners descriptors (describe the situation, then give
reasons for this), highlighting important vocabulary or offering sentence structures (Brown &
Abeywickrama, 2010). Scientific background knowledge can be supported by activating students’
prior knowledge, drawing upon previous lessons, or explicitly stating the facts necessary to fulfil
the task (Hedge, 2019). Students also profit from the opportunity to revise their writing, or from
obtaining feedback during the writing process (Brown & Abeywickrama, 2010). Each of the
aforementioned writing processes demands for different kinds of assessment. As imitative writing
does not generally play a role in the natural sciences classroom — the main focus here is on learning
spelling, grammar, and punctuation in short tasks and texts — its assessment will not be discussed
in detail here. Controlled writing, on the other hand, plays an important role in the natural science
classrooms, as this is the type of writing employed in short questions and fill-the-gap exercises.
From a science teacher perspective, content is assessed for correctness here. In addition, linguistic
accuracy may be assessed, and feedback may be given to the learners based upon their use of
scientific and academic language. Responsive writing constitutes a response to a writing prompt
such as the one given in the course of this study (see Survey design and administration). With

IJPCE - International Journal of Physics and Chemistry Education, 15(1), 11-21

www.ijpce.org



15

M. M. Hull et al., Half-life and Lifeworld

both responsive and extensive writing, assessment can focus on lexical range, accuracy, layout,
and structuring of the text as well as the fulfilment of the task description (Brown &
Abeywickrama, 2010; Hedge, 2019).

Methodology

Our study concerns a written survey that was administered pre- and post-instruction on the topic
of half-life. In this section, we will first discuss the instruction that took place. We will then
describe the survey. Finally, we will discuss our assessment of the survey responses.

Instructional unit on half-life

On Nov. 22, 2021, one of us (F.B.) taught an hour-long lesson on half-life to his 12 grade
students. Prior to this lesson, he had met with M.M.H. to brainstorm ideas for the lesson. We
had decided that the lesson would utilize the activity of flipping coins to simulate radioactive
decay (Hull & Hopf, 2022; Kowalski, 1981). We had also agreed that F.B. would utilize Peer
Instruction (Crouch & Mazur, 2001) in having students answer questions first individually
(“Think”), then share ideas with a partner (“Pair”), and finally share with the whole class
(“Share”). As a result of the Corona pandemic, the school decided somewhat last-minute that the
lessons that day would take place in a hybrid format. As such, some students were at home
(streaming in via Google Meet) while others were in the classroom, resulting in the lesson being
more challenging than anticipated. An online coin flip simulation was used for the home learners,
but the instruction given to the students turned out to be confusing, resulting in the data collected
with the simulation being in a different form than that collected in the classroom (amount of
coins remaining instead of amount that had “decayed” in that time step). Other than that,
however, F.B. reported that students did not seem to be particularly confused by the lesson
contents. Although the Peer Instruction proved unmanageable in the hybrid format with such
short notice (resulting in there being minimal, if any, discussion between students), the students
who F.B. called upon to answer the questions he posed answered the questions correctly.
Nevertheless, it is important to note for interpreting the results of the writing task that there was
minimal opportunity for students to verbalize their understanding during the lesson.

Survey design and administration
The survey administered before and after the instruction (which took place on Nov. 25%, 2021)
described above contained two parts: a multiple-choice section and a writing task section.
Although the multiple-choice section was identical pre- and post-instruction, the writing task was
different on a superficial level. That is, although the writing prompt and instructions were not
identical, the prompts can be considered isomorphic (Singh, 2002, 2008) in that both on the
pretest and post-test, students were asked to make a lifeworld decision involving nuclear waste.
On the pretest, students were asked where radioactive waste should be stored. On the post-test,
students were asked whether or not they think nuclear energy can be considered “green energy”
as a helpful contributor to meeting climate goals. We will discuss each of these components of

the survey in turn. The survey, like the instruction, was conducted in German. Excetpts from the
survey and from survey responses reported here were translated by the authors into English.

The multiple-choice section of the survey consists of two prompts, “CAGE” and “Many vs One”
(or “MvO?”). These prompts aim to investigate how students reason about the decay of an
individual nucleus; for example, do students think that half of the nucleus will be “gone” after
one half-life has elapsed? The creation of these prompts is motivated by an interview study, and
the prompts themselves have been evaluated through survey validation interviews (Hull, Jansky,
et al., 2022; Hull & Hopf, 2020). On CAGE, respondents are told that the half-life of I-131 is 8
days and they are asked what day they would go to watch a single I-131 atom decay and why
(multiple select). On MvO, respondents are asked how much I-131 would have not yet decayed
after one and then two half-lives if one begins with 100 million atoms (MvO:MANY) and if one
begins with just one atom (MvO:ONE). For both parts, students are also asked to provide one
of more reasons.

Box 1 displays the writing prompt given on the pretest (translated from German into English by
the authors):

BOX 1. New nuclear waste repository in Austria to be determined by 2024
Environment Minister Gewessler promised a transparent process. Medicine, industry

and research have already filled 12,000 barrels in the Seibersdortf interim storage
facility (Jun 20, 2021, 8:56 p.m. 286 posts)

Vienna/ Seibersdorf — Environment Minister 1eonore Gewessler (Green Party) recalled the new start for a
national disposal program for radioactive waste in the ORF program “ZiB 17 on Sunday. The search for a
location for a domestic nuclear waste repository actually started in 2018, the waste bas been stored at the
Sezbersdorf site in Lower Austria since 1974, and around 12,000 barrels, each with a capacity of 200 liters,
are now in the interim storage facility.

© derstandard.at, bitps:/ [ www.derstandard.at/ story/ 2000127570300/ nenes-atommuell-endlager-in-vesterreich-soll-
bis-2024-fixced-been (last accessed on October 28, 2021)

Write a blog post (150 words maximum) about this article, addressing the following points:
* Give reasons why, in your opinion, such a repository is necessary
* Describe which requirements, in your opinion, the location of the repository should meet
* Assess where you think this should best be built

Since this writing task came immediately after the CAGE and MvO prompts in the survey, we
anticipated that some students would mention half-life in the writing task (for example, in
discussing the requirements of the storage facility) despite not having learned the concept
formally in class. On the post-test, the writing task again came immediately after the multiple-
choice prompts, and the survey itself came only a few days after instruction on half-life, so we

IJPCE - International Journal of Physics and Chemistry Education, 15(1), 11-21

www.ijpce.org


https://www.derstandard.at/story/2000127570300/neues-atommuell-endlager-in-oesterreich-soll-bis-2024-fixed-been
https://www.derstandard.at/story/2000127570300/neues-atommuell-endlager-in-oesterreich-soll-bis-2024-fixed-been

16

M. M. Hull et al., Half-life and Lifeworld

expected to find many more references to half-life in the writings. The writing task for the post-
test is given in Box 2:

BOX 2. Radioactive waste: WWIF warns against green classification of nuclear power
Thete are efforts to classify nuclear enetgy as well as gas as “green” enetgy. Howevet,
radioactive waste is still 2 problem when it comes to disposal.

Environmental organizations warn the European Commission against classifying nuclear power and natural
gas as environmentally friendly energies. Such a step would contradict the measures needed to limit climate
change to 1.5 degrees, said Sébastien Godinot from the WWFE on Thursday. The inclusion of nuclear power

‘orossly irresponsible,” said Greenpeace activist
Silvia Pastorelli. The backgronnd to this is ongoing work by the EU Commission on a classification system

and natural gas in the so-called EU taxonomy would be

Jor sustainable investments. This classification system should give investors clear guidelines as to which
investments are considered climate-friendly - the label therefore offers enormous financial advantages.

© pttps:/ [ www.nan.ch/ news/ enropa/ radioaktiver-Waste-wwf-warnt-vor-gruner-einsetung-der-atomkraft-66038700

Write a blog post (150 words maximum) about this article, addressing the following points:
* Give reasons why “nuclear power” could be classified as environmentally friendly energy
* Describe the problems caused by radioactive waste
* Assess whether, in your opinion, “nuclear power” can contribute to meeting the climate
targets

Evaluation of survey responses

In this study, we were interested in whether conceptual understanding about half-life would
influence student writing. In particular, we were interested in whether or not improved
understanding about half-life would result in writing responses that were more likely to utilize the
content that had been learned in instruction. We operationalized “understanding about half-life”
in terms of providing a correct response on the first tier (the answer) for MvO and in terms of
not providing an incorrect response on the second tier (the reason) for CAGE.? Specifically,
responses to MvO:MANY that there would be 50 million I-131 atoms after 8 days and 25 million
1-131 atoms after 16 days were coded as “correct” and “incorrect” otherwise. Similarly, responses
to MvO:ONE that there would be “1 or 0 I-131 atoms after 8 days and after 16 days were coded
as “correct” and “incorrect” otherwise. Selecting any of the following responses to CAGE
resulted in the response being coded as “incorrect” (and “correct” otherwise): “the atom
transforms continuously,” “after the half-life, half of the atom will have transformed,” “the atom
transforms on the day of the half-life.”

2 ¢

2 The first tier of CAGE is not coded, as valid student reasoning was observed for each of the
tier 1 selections (Hull, Jansky, et al., 2022).

For assessing the writing task responses, M.M.H. and F.B. began by individually writing what
they would consider to be an ideal response to the task and then compared their responses with
each other. On the post-test, for example, we both had the following four points, and so we
considered that these four points should be in the responses to warrant full credit:

1. Nuclear power plants give off little CO2 emissions

2. Society does not yet have a solution to the waste

3. Waste has a long half-life (which we flagged as being most important, considering the
previous instruction on half-life)

4. The storage facility needs to withstand a long test of time. We considered this fourth
point to be an add-on to the third. In other words, we felt that this fourth point could
not stand alone as a substitute for the third point, as students should explain in their
writings why the waste needs to be stored for a long time.

We then met with the third author, R.K., to gain her insights into what should be evaluated in
scientific writing. Generally, in addition to the content knowledge F.B. and M.M.H. had identified
as being important, effective scientific writing should also be coherent, have an appropriate
structure and layout, and utilize appropriate scientific terminology. We should also assess whether
or not the student had fulfilled the assigned writing task in the first place. We began with the 1.2
(second language) / B2 (language level) rubtic used in the scoring of the high school graduation
exams in Austria (the Matura) and other scoring rubrics for text production (e.g., TOEFL) in
order to devise an appropriate assessment grid for the analyzed texts (Brown & Abeywickrama,
2010). Although the essays were written in German, we justified using rubrics established for
assessing second language proficiency, as education researchers have argued that learning
scientific language is similar to learning a foreign language; whilst scientific language is a register
of the standard variation, learning to use the subject-specific lexis and syntax has parallels to
second language learning (Butler & Goschler, 2019; Petersen & Tajmel, 2015; Résch, 2011;
Tajmel, 2017). The initial rubric consisted of four categories:

task achievement,
organization and layout,
lexical and structural range, and

b=

lexical and structural accuracy.

We attempted to code the first respondent on the pretest together to clarify misunderstandings
regarding the rubric. In so doing, we found it difficult to reach agreement on what would be
appropriate language targets (since it is for an online blog). R.K. felt the written responses should
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contain three paragraphs (as students are asked to answer three points), but the “ideal responses”
produced by F.B. and M.M.H. had been just a single paragraph. Generally, we felt that the texts
were too short for the rubric to be very useful as is. Inspired from those four assessment
categories of the B2 writing rubric, we created our own four categories, which we planned to
assess using evaluative qualitative text analysis (is the category criteria met completely, partially,
or not at all?):

1. Task achievement: all three questions answered = 2 points; only one or two
questions answered = 1 point; no questions answered = 0 points

2. Organization: clear and systematic = 2 points; somewhat clear/systematic = 1 point;
random without logical connection = 0 points

3. Language features: appropriate scientific language and complex sentence structure
= 2 points; somewhat approptiate scientific language/ complex sentence structure
= 1 point; everyday language = 0 points

4. Subject matter knowledge (based upon the earlier discussion of F.B. and M.M.H. in
comparing their “ideal responses”: More than two half-lives are necessary before the
waste is safe, specify what the facility must be able to withstand (e.g., earthquakes)
= 2 points; vague ideas (e.g., storage facility must last a “long time”) = 1 point;
incorrect (e.g., “the radioactive waste will soon explode, so a tight but short-term
storage structure is what is needed”) = 0 points

All three authors coded the first ten pretest responses independently. There were a total of 40
codes (4 categories per respondent) that each of us assigned. On only 12 codes did we reach
perfect agreement between all three raters (Cohen’s Kappa = 0.34). We had a strong disagreement
(where at least one coder assigned 2 points when at least one other coder assigned 0 points) on 4
codes. For example, SA26 was awarded 2 points for Organization (due to its coherence) by two
of us and 0 points (due to lacking cohesion in terms of sentences connecting to each other via
signposts) by the third. We settled on awarding 1 point and modified our coding scheme to
account for both coherence and cohesion (see below).

Pretest, SA26: Of course, such a repository is necessary, it is even urgently needed. There is a difference between
“normal” and nuclear waste. While the normal one can theoretically be stored anywhere, this is not possible with
atomic ones becanse of the radioactive radiation. This waste should therefore end up in repositories that are as far
away from people as possible. It should also be noted that radioactive radiation is not good for groundwater. This
waste is also quite unfavorable for food - see the radioactive mushrooms after Chernobyl. The repositories should
therefore be as sealed off as possible and secured as well as possible. What we shounld avoid, however, is France’s
approach, which is to throw the waste into the sea (or into lakes in our case). That barms namely the fish, algae,
ete. So we need an isolated place where the rubbish doesn’t harm anyone.

The remaining 24 codes were smaller disagreements where no labels differed by 2 points. For
example, SO17 was awarded 2 points for Language by two of us and 1 point by the third:

Pretest, SO17: Dear Ladies and Gentlemen,

Radioactive waste is known to be a lengthy and extremely present dilemma in today’s society. Therefore, correct
and careful bandling, as Leonore Gewessler already said, is necessary. Complex catastrophes like those in
Chernobyl or Fukushima must of course be avoided at all costs. Shouldn’t that be our top priority? A suitable
location for storing this threat must be carefully selected and chosen with care. From this it can be concluded that,
if possible, an uninbabited area that is not often bit by natural disasters is chosen as the winner.

With the exception of the Language code for SO17, we reached consensus on the remaining 27
disagreements. This discussion also resulted in several modifications and specifications added to
the coding scheme. First and foremost, motivated by the fact that there was greatest disagreement
(8 out of 10 codes) with the Language labels, and justified by the fact that the first two authors
are not language teachers and found it too difficult to disentangle language skills from science
writing skills, we decided not to code for “language” and only to code for “achievement”,
“organization”, and “subject matter knowledge”. In addition, we made the following
specifications to the remaining codes:

e Achievement: many students conflated the second and third questions, and may have
thought they were answering the question about “where to put the waste” by specifying
that it should be away from people (and also simultaneously thought that it answers the
question pertaining to “what properties should the facility have?”). These students should
not receive full points. We also noted that if achievement is 0, then Organization and
Subject Matter Knowledge are to receive the label “too little to code”.

e Organization: we recognized that there are different ways to interpret “clear and
systematic”: one interpretation is “is it clear which question is being answered in each
sentence?” An additional interpretation is “does the writing read like a good story (is the
order of sentences sensible, is the writing cohesive and coherent?)”. We found it important
in this latter interpretation to distinguish between cohesive and coherent. A written passage
is cohesive if linking words are used, even if the writing is not coherent (which is when it
makes sense content wise). For this cohesion, it is important for the sentences to refer to
each other, using linguistic “signposts”. We decided that for a written passage to receive 2
points for organization, the writing must i) have it be clear which question is being
answered in which sentence, ii) use signposts, and iii) be coherent (make sense).

e Subject matter knowledge: we decided that, since (as discussed in the introduction),
content knowledge is rarely used in student written text, everyone who used science
content about half-life would receive full (2) points; 1 point would be given if anything is
correct and relevant about radioactive waste.

After this discussion and clarification of our coding labels between all three authors, M.M.H. and
F.B. then independently coded the remaining 9 pretest responses. Out of a total of 27 codes (3
categories for each respondent), we reached perfect agreement on 22 codes (81%, Cohen’s kappa
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= 0.79: “substantial agreement”) and had no strong disagreements on the remaining 5 codes,
which were codes pertaining to Organization (2 codes) and Subject Matter Knowledge (3 codes). After
discussion, we reached consensus on all codes and made final modifications to the coding
scheme:

o Achievement: Full credit requires: 1) Reasons why a storage facility is necessary, 2) What
properties the storage facility must have (being “far from people” is sufficient), 3) Where
the facility should be located (“in the countryside” is sufficient and distinguishable from
“far from people”).

o Organization: a pronoun is insufficient to be considered a “signpost”. Rather, clauses that
connect sentences or preface sentences are needed. Points assigned are not affected by
layout: students can answer in a single paragraph, three paragraphs, or three bullet points.

o Subject matter knowledge: many students said that it is important for the waste to be stored
someplace far away from the water table, and this should receive 1 point as being
knowledge about the topic. On the other hand, saying that the waste should be stored
some place “away from rivers” is insufficient because students may mean this just in a
spirit of “there is life also in the rivers, and so we shouldn’t put bad stuff into it”.
Although this latter response would warrant 1 point from “Achievement” (answering
where the facility should be located), it would not simultaneously warrant a point from
“Subject matter knowledge.”

M.M.H. then applied this finalized coding rubric to the original 10 pretest responses to ensure
that no decisions made during round 1 contradicted the changes to these categories from round
2. He then coded the post-tests using this finalized scoring rubric.

Results

The results of our study are summarized in Table 1. Our sample size from this pilot study is
small, and our goal in this paper is just to discuss general trends in student responses. We chose
not to perform statistical tests because the proportions are too small to perform y? tests of
distinguishability. Furthermore, our primary finding is one that requires no formal statistical
support: as can be seen in Table 1, 70 students received full marks on the post-test for subject
matter knowledge coding of the writing task.

Despite the technical difficulties that arose from the last-minute requirement of teaching in a
hybrid format, we see that the lesson succeeded in helping students progress in their
understanding about half-life. Specifically, looking at the two left columns of Table 1
MvO:MANY), we see that students SY20, EV23, and UR06 were able to correctly answer on
the post-test that there would be 50 million 1-131 atoms after 8 days and 25 million after 16 days,
although they had not answered correctly on the pretest. Looking at the next two columns
(MvO:ONE), we see that BA28, SY20, EV23, TE28, and UL18 answered correctly on the post-
test (and not the pretest) that there would be 1 or 0 I-131 atoms remaining after 8 days and after

16 days. Although ideas about “the atom transforms continuously,” “after the half-life, half of
the atom will have transformed,” and “the atom transforms on the day of the half-life” remained
attractive to students (as evidenced by the lack of change on CAGE, the next two columns in
Table 1), we sce that, as measured by MvO, the majority of students left the instruction on half-
life with an acceptable understanding of the topic: although it is unpredictable when a given
nucleus will transform, we can predict the length of time necessaty for half of the sample to do
so. A natural implication of this that we wanted to see in the student writings is the idea that
radioactive waste will not be “all gone” even after two half-lives have passed, resulting in waste
storage facilities needing to survive a very long test of time. However, as the right-most column
in Table 1 indicates, no students mentioned half-life on the post-test (and hence did not receive
full points in the “Subject matter knowledge” category).

Table 1. Labels given to survey responses to the multiple-choice conceptual questions about half-
life (left three boxes) and to free-response essays about radioactive waste (right three boxes).

Conceptual Understanding of Half-Life Writing about Radioactive Waste
MANY ONE CAGE ACHIEVE ORGANIZE KNOW
Student  Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
Gl24 1 1
SE08 1
BA28 1
EV04 1
CH23 1
SY20 0
GI27 1
EV23 0
MA16 1
SA26a 1
NA26 1
0
0
0
1
0
1
1
1

N
N

BR0O8
TE28
UR06
uL18
MI12
ES12
SA26b
SO17
EDO3
RU09
Note: Improvement on the post-test (right column of each box) is indicated with green shading. Note that
students EDO3 and RUO9 were absent from class when the pretest was administered. Note also that, as UL18
received a label of "0" for the pretest essay Achievement score, the Organization and Knowledge scores were
coded as N/A as there was too little to code.
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Discussion
Henriksen (1996) speculated upon the issue of students choosing not to apply the science content
they had learned to questions about real-life situations involving radioactivity:

For instance, one of the respondents was able to give excellent ‘classroom’ definitions
of becquerel, alpha, beta and gamma radiation, but nevertheless stated in a subsequent
question that meat became radioactive after the Chernobyl disaster ‘because the
animals ate food which had been irradiated’, thereby betraying that the confusion
between radiation sources and radiation was still present. Thus, the answers to the
questions concerning real-life situations which had been treated in the media, might
not measure what the school education had taught the students, but rather what the
media had taught them.

It seems likely, however, that many students would not have found “definitions of becquerel,
alpha, beta, and gamma radiation” to be helpful in answering questions about “meat... after the
Chernobyl disaster” due to purely conceptual reasons: the concepts of 1) radiation properties and
2) the effects of radiation on matter may be too distant from each other in student reasoning. In
our study, on the other hand, we had students respond to a real-life prompt that is, from a purely
conceptual perspective, tightly connected to the “classroom” knowledge they had learned;
namely, both concerned the concept of half-life. Our decision to put the writing tasks
immediately after the multiple-choice questions on the survey was intentional: we wanted to make
the idea of half-life as salient in student minds as possible when they began their writing.
Nevertheless, students did not pick up on this “hint” to use the answers they had just provided
on the prior pages in the writing task. As can be seen in comparing individual students’ scores on
the conceptual questions about half-life and the subject matter knowledge score of the essay, it
is not the case that knowledge about half-life was unavailable to students. Rather, it is that they
did not access that knowledge in the writing task. The content they had learned in the classroom
was omitted.

Just as the issue was not a lack of conceptual understanding, so too was it not a deficit in general
writing ability. On the post-test, just undet half (10/21) of the students received full points for
both task achievement and organization. In terms of the Mazura B2 writing rubric from which
our rubric originated, almost all students would pass. Although a follow-up interview study is
needed to investigate the issue more carefully, we suspect that students did not write about half-
life when talking about radioactive waste because they did not think the concept is important for
discussing the issue.

Conclusion and limitations
In our study, we saw that even students who “understand” half-life (as evidenced by their
multiple-choice responses) did not use the idea in their writing. This was true even soon after

successful instruction (as evidenced by the increase in correct scores on the multiple-choice
questions) on half-life. The issue, we saw, is not that students are incapable of writing; even the
best essays that would otherwise get full points did not mention half-life. Rather, we hypothesize
that the issue is an epistemological one, relating to what students perceive to be the nature of the
knowledge they have learned; namely, students do not think that the concept of half-life is
important for discussing these issues, at least in the context of a social media forum.

In response to concerns that traditional science assessments of free response and short answer
questions restrict students from expressing the depth and nuance of their conceptual
understanding, writing and writing assessment has become a growing area of interest in science
education research (Wallace et al., 2004). It is important to bear in mind, however, that students
may have an understanding about a topic that even a writing task is not successful at eliciting. As
Eijkelhof and Millar pointed out about science writers discussing Chernobyl (Eijkelhof & Millar,
1988), the writing of authors is shaped by their image of their target audience and by their image
of what the intention of the writing task is. This has implications for assessment of student
understanding through writing tasks. What a student does or does not write about is not a direct
indicator of what is in the mind of students. “Student responses don’t simply represent activations
of their stored knowledge. They are dynamically created in response to their perception of the
task and what resources are appropriate to bring to bear” (Redish, 2014).

Our conclusions should be considered with the limitations of the study in mind. We only had a
limited sample of 20 students from one class in one school in Vienna. A larger sample of
randomly selected students from different schools would have made our study more
representative. Furthermore, students were not very motivated for the writing tasks, especially in
the posttest. This was mainly because they knew that the study would not affect their grade in
physics. Therefore, some of them did not address all three points specified in the task or wrote
less than the requested 150 words. This made coding more difficult (¢.g, as seen in Table 1, one
student did not write enough for the authors to assign scores to the essay’s organization and
demonstration of subject matter knowledge). If their performance in the pre- and posttest would
have contributed to their grade, students very likely would have shown more effort in writing the
postings. As discussed above, the instructional intervention had to be adapted to a hybrid format
on very short notice due to COVID-19 regulations. Although F.B. tried to adapt teaching to this
situation, it cannot be determined if the students who followed the lesson online had the same
learning experiences as the students in class. However, as none of the students used the concept
of half-life in their writing in the posttest, we assume that there were no major differences
between those two groups.

Future research
In this study, we did not provide the students with much scaffolding to produce their texts. As a
rule, learners are not accustomed to transferring text-types learned in language classes into the
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natural science classroom. Consequently, they may not be aware of subject-specific language that
is appropriate to use in these texts and thus feel overwhelmed. Future studies should offer both
subject-specific and linguistic scaffolding to the students to see how performance is improved. It
would also be interesting to see if students were more likely to discuss half-life if given a different
target audience in the writing task (such as a panel of experts). Finally, it would be valuable to
interview the participating learners to see how salient the ideas of half-life are in the interview
context, and to ask them who do talk about half-life in person why they did not write about it.
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