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Introduction

Biology laboratory courses can engage students in deep scientific thinking, enhancing
their reasoning and understanding of biological concepts through laboratory experiments
(Sundberg & Moncada, 1994; Gasper & Gardner, 2013). This can be particularlgtamide
laboratory reports, with student writing having been shown to significantly improve critical
thinking skills in Biology (Quitadamo & Kurtz, 2007), and being a place to practice scientific
argumentation (Kuhn, 2010However, there &wve been twmbstales in having laboratory
reports engage students in scientific argumentation and reasoning.

Firstly, typical laloratory reports are often interpreted by students as exercises in
reporting findings rather than making an argument (Peker & Wallace, 20089t tne primary
assessment criteria was fnHanswering the ques
(Zeegers & Giles, 1996Secondly, assessing how students are reasoningaratabyreports
is a complexand interdisciplinaryendeavor, with a mutude of assessment schemes having
been proposed in the Iiegure (Sampson & Clark, 2008jowever, these assessment schemes
can conflate language proficiency with student reasoning, throughspeeifying the
linguistic format and structure of reasonifgg.Lawson et al., 2000).

We conducted our study to investigate whether these two obstacles could be overcome,
through explicitly reframingBiology laboratory report writing as about reasoning and
argumentation as well as attempting to develop an andhamework that minimized the
effects of language proficiency in characterizing student reasoning. In addition, we were also
interestedin whether the analytic framework we developed could be applied to other
disciplines, and thus attempted to applyoitEngineering design reports as well. From the
results of a preliminary analysis, we suggest that there is promising evidence that simply
reframing Biology laboratory reports as about demonstrating reasoning can lead to significant

increases in demonsteat student reasoning. Moreover, we propose that we have moved closer



towards developing an analytic framework which minimizes conflating reasoning and
language proficiencyas well as towards a framework that can be applied across multiple
disciplines.This thesis will first present the theoretical background of this project, then turn
towards the work done with regard to Biology laboratory reports. It will subsequently consider
the applicability of the analytic framework to Engineering design reportshandliscuss the

findings as a whole.

Theoretical Background

We began this study from the perspective
students have important cognitive resources that they bring into play when reasoning (Hammer,
2000). Knowing that how students frame an activity influences how they engage in
argumentation (Berland & Hammer, 2012), we suspected that there were richer reasoning
structures that were simply not being captured or elicited in typical lab reports (e.g. Peker &
Wallace, 2009)as opposed to prior research that has claimed studevesttmauble with
argumentation (e.g. Kuhn, 2010). Thus, wemnted to investigate how explicitly reframing the
purpose of lab reports could possibly elicit richer reasoning.

We also drew on Chomskyods distinction bet
competence (1965) in framing how we understood analyzing student text. We propose that in
trying to understand student reasoning from their writing, we are trying to understand a
cognitive process that has been filtered through a dual layer of lingastipetence and
performance in writing. As such, too strict a definition of reasoning, for example assessing the
presence of hypothetiedeductive thinking only through the completion of an
Ai f/ and/ then/ but/thereforeod,rrhigsesgapturing allche f or me
ways that students are reasoning for evaluating linguistic performances that are not equivalent

to reasoning in the first place. We thus soughtlevelop an analytic framework that could



account for the variation and complexitythe lab reports we receiveather than measuring
whether they were matching linguistic or epistemic structures that we had selgxted as
important (e.gSampson & Clark, 2008 urtak et al., 2010

We argueas wellthat since we are evaluating student reasoning many layers removed
from the act itselfyve can only truly assess what students have decided to demonstrate of their
reasoning. In contrast to prior research, which has taken poor performance in rese@sh stud
to indicate a lack of reasoning abilities (eSadler, 2004; McNeill et al., 2006), we propose
that we can only make c¢claims about the demo
what they perform, rather than the absence of these abilitiessudls, this thesis is
fundamentally trying to consider and under st
rather than claiming to be examining their cognitive abilities through dilm@eresponse to a

writing prompt.

Biology Laboratory Reports

Study Context

We conducted our study inrsecond semester introductory biology course withree
hour weekly laboratory section, in a private research university in the -Hastern United
States. For this paper, we are anahgchanges in the discussion section of the first lab report
of the semester over two years, as that was the section of the lab report focused on student
reasoning and argumentation. Students conducted the same experiment for the first lab report
in both yeas: two strains oE. coli that differed in mutation rate were grown in a benign
nutrient agar environment and a novel antibiotic environment, with rifampicin as the antibiotic.
However, the structure of the course and the writing prompts were different.

In the original, Atraditional o, | alabor at or

materials and took a quiz at the star-t of t



sentence summar y o bstatement of how your fesulisrémimoto your d A
hypothesis i n t he discussion section of their [
reframed the laboratory course, with students beginwittig a group discussion on the benefits

and costs of high and low mutation ratas well as &ving access to a computer simulation to

explore the effects of mutation rates beyond the experiment they.datagmtrast to the first

year, students were asked in the guidelines
about some of the qusns raised in this lab, and what does the experimettt e | | you ? 0
the discussion section. Additionally, they \
graded for the | ogical flow and for @say dence
things that are Aincorrecto, but be sure to

Methods and Analytic Framework

We limited our analysis to a subsample of lab reports from each year (24 from the first
year, 19 from the second), limited to those from sasttaught by the same graduate TA over
the two yearsWe initially developed a preliminary framework based on an analysis of
ARepistemic | evel so pr op aveeeedheybuged &neahalytic madald T a |
that considered both the disciplinespedfic knowledge and theoretical generality of the
propositions found in student writing in an introductory oceanography course to assign
epistemic | evels, with Al 0 representing the
data <chart s seatmg thefintbst enaraé prapesitions referencing geological
processes. However, while our analytic framework still draws heavily from their work, our
attempts to replicate their epistemic levels surfaced methodological problems when applied to
BiologyWh | e Kelly and Takaods model thought of

could be applied to larger and larger geological areas, we found no adequate corollary in



Biology, since propositions about cellular dynamics can be as general or acgscléiims
about organismal fitness.

Since students could make claims about fithess and survival at the level of individual
colonies on an agar plate,dgarticular strain dk. coli, to a particular genotype expressed by
multiple strains oE. coli, to all organisms expressing a high or low mutation rate, we decided
to shift away from their model towards an emergent coding scheme instead. We looked for
factors that emerged as important qualitative differeneéhkin lab reports, ultimately
developimy threeprimary coding schemebat we will be presenting in this thesis. Recognizing
thetension between wanting to reduce the effects of language proficiency on our analysis of
fundamentally linguistic textsye based these coding scheroadlexible linguistic divisions
and markers that we took as indicative of significant factors of reasoning. These linguistic
divisions and markers could be single words, or phrases, or syntactic in nature, or contextual
cues found in other parts of the text, or any cimiaufton of the above. In allowing for multiple
indicators for any factor of reasoning as well as contextual cues, we &nueelop an
analytic framework that could interpret the
and performances wittsanuch sensitivity as possible.

The first coding schemee developed was based noting what linguistic divisions
were emerging as meaningful in our analysis of the, datulting in what we are calling
argument units (Table 1While the schemavas inifally restricted to coding -Units (Hunt,
1965), which are Amain clause[s] with al/l S U
resultin ambiguous situations where two or more codes could apply. For exampleutiie T
fiboth strains grown withoutifampicin formed a lawrbecause the conditions were very
favorabl® woul d simultaneously qualify as both a
explanation (fibecauseo), atan acceqit blauses dndh ethers ¢ h e n

linguistic units asvell.



Table 1. Argument Units for Analysis of Biology Laboratory Reports: Definitions and
Examples
Category Definition Examples

, , i éthen why is DNA repair so
Question  Any T-unit/clause marked as a questic

pervasive®
Any T-unit/clause marked asdesired fi éin order to keep the total
Goal outcome through w amount of bacteria in an
phrases | ike fAin observable range 0
Default code, applied to-Tnits that no
. other code applies to, as well as fSome of these mutations ma
Claim fragments and clauses leg&tiveen have been deleterioéso

other codes and generated linkages.

Any T-unit/clause beginning with a . _
. . nBecause the E398 strain ha
. Aibecauseod synonym . .
Explanation suboptimal DNA repair
linguistically by the text as an .
_ mechanisms 0
explanation

Noun,noun phraseclause or T-unit o _
_ _ _ i éhe numbers of colonies
Evidence relating to observable experimental .
_ o grown are much lower 0
evidence or statistical trends

Elements of this coding scheme are analogous to assessment schemes that have
previously been proposed in the literature; in particular, what we are calling-Eladtance
Explanation is analogous to the ClaiEnidenceReasoning distinction that has beeagwsed
by others (e.g. McNeill et al., 2006; Furtak et al., 2010), which is itself a modification of
Toul minds (1958) framewor k. Whil e we acknow
Claim-EvidenceExplanation coding and the ClaiBvidenceReasoning distiction,
particularly as used by Furtak et al. (2010), we do want to draw attention toffaremtes
The first is that we are reframing what has previously been called Reasoning as an Explanation
instead; while this may seem a pedantic distinction, weaeathat it is important enough to

reframe, as if reasoning is what we as a field are interested in capturing, then are we simply



asking for students to increase their usage
of AReasoni ngdWhilehwe ylo think & is dnpadrtant to capture justificatory
statements made by students as they posit a particular proposition as a causal mechanism for
another, we do not think these statements are necessarily analogous or equivalent to reasoning,
which can consist of much more complicated argument chains.

Secondlywe found in our analysis two additional codes of Goals and Questions. Goals
marked a particular proposition as something to be fulfilled or achieved, while Questions
marked something as thetically unresolved; these complimented the Cl&wdence
Explanation framework, with Claims tending to be disciplinary propositions, Evidence being
scientific data, and Explanations being the justificatory disciplinary backings proposed for
other argumet units.

Table 2. Argument Modes for Analysis of Argument Units: Definitions and Examples
Category Definition Examples

fiFor future experiments, E. co
_ Any argument unit marked as a could be put imany different
Hypothetical _ o _ _
hypothetical or occurring in the future.  environments to test howusi

mut ations hel |

_ fi ébecause it was able to
Default code, applied to any argumen _ o
Unmarked ) ) mutate faster to gain antibiotic
unit that no other code applies to

resistance
Any argument uih with information
from the prelab readings, or which fiMost eukaryotic cells have
could not haveomefrom the functional systems of

Referenced _ _ _ _
experimental space, or cited, and not checkpoints and proofreading

marked as an inference from another avoid flawed replicated DNA

argument unit

) filn the simulation, adding
Any argument unit marked as about tf _ _
) _ _ ] ) ) poison to the environment
Simulation  simulation space provided in Year 2 0 )
resulted in more yellow
the study L
bacterig 0




Based on our analysis of the argumenits we found, we developed a second coding
scheme to be used in conjunction with(Ttable 2) This coding scheme noted whether
argument units were marked as being hypotheticals (most often hypotheses or future
experimental ideas), references (with imi@ation from sources other than the physical
experimental setup), about the simulation provided in the second year, or simply unmarked.
This helped provide additional context to the argument units, allowing us to look at what mode
of information they were wrking with, helping to make qualitative differences between
engaging in different theoretical spac€hese two coding schemes together allowed us to do
guantitative analyses on the differences in proportions of argument units and modes between
the two years, identifying coarggained signals about possible differences in elicited student

reasoning fronthe different question prompts

Table 3. Generating Argument Unit Linkages for Analysis of Biology Laboratory Reports:
Definitions and Examples
Category Definition Examples

_ Default linkage generated between tw L
Supporting _ néfurther su
units

Generated when two units are markec
Opposing  as indicative of opposing things, or ARéhowever é:

when contextually opposite

fihigher numbers of E938

_ mutantcolonies in the
Generated when two units are the sar o . ]
N _ _ ~ Rifampicin environmer# the
Repetition  though occurring at different points in _
high numbers of mutant E93€
the report o . o
colonies in the Rifampicin

environmend 0

Functional Generated when a phrase referenced
) _ _ AAll the reas
Grouping  multiple argument units as a group




However, we were alsmit er ested i n Kelly and Takaobd
different propositions in student writing could be linked to each other, thus generating a model
of the studentsd argument structure. As such
modelling the linkages between the different argument units we ¢adedting chains of
argument units that represented the complexity of student reasoning in the Weartsfined
linkages between different argument units as stemming from the presence piretom or
conjunction phrase, the repetition of a noun or noun phrase or idea, or the presence of syntactic
markers like commas or sermolons.We did not model linkages between each argument unit
and every other argument unit that shared a noun or ploase or idea with it; rather, we
generated linkages between each new argument unit that was coded and previous chains that
contained those shared units, thus preferentially generating linear argument chains.

This allowed us to model the argument structures that students were generating in their
lab reports; the different types of linkages also allowed us to consider how different units were
being used in context, tracking which parts of the laboratory repertssupporting each other
and which ones represented a different view. As each argument mode code was tied to an
argument unit code, and linkages between the different argument units were also coded, we
could also use the same linkage structure for reptegy changes in argument modes, or for
any other coding scheme we wished to develop that would follow the boundaries of the
argument units-urthermore, as each argument unit occurs sequentially in a laboratory report,
we could assign numbers to eachuangnt unit, thus allowing us to order them against each
coding scheme in order to generate graphical
As the argument mode scheme is dependent on the argument unit scheme, the two could also
be layered ont@ach other to observe interaction effects, thus allowing us to attend to the
structure of each report in greater qualitative detail (Figuraslyvell as to changes in how

students were linking argument units and modes from year to year



Analytic Framework

1 2 3 4 5

Explanation
Claim

Evidence

Hypothetical

Unmarked

Explanation /\

Claim \
Evidence
Hypothetical /\
Unmarked C—_\ -

Hypothetical Explanation
Hypothetical Claim

Hypothetical Evidence
Unmarked Explanation
Unmarked Claim /— \
Unmarked  Evidence \

Figure 1. Grgphical representation of analytic framework modelling. Tags in orange and blue
represent argument unit and mode codes, respectively, being graphed in the order they occur
on the xaxis against their respective coding schemaes respective coding scheniegered

onto each othen the yaxis.

As we were also interested in the content of what students were reasoning about, we

developed a fourth coding scheme to capture the actual substance of what students were
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reasoning about (Table s reasoning cdent was defined at a much smaller grain size than
either the argument unit or argument coding scheme, with most reasoning content being
fragments of a clause, this allowed us to have a-fin@ined analysis of what students were
reasoning about within &ir larger argument structures. As reasoning content was coded within
the boundaries of each argument unit, similarly to argument modes, we could theoretically
layer it onto the larger argument structure; however, as each argument unit has a variable
amoun of reasoning content, we faced methodological problems in terms of representing that
amount of data on the structure, and so did not pursue that avenue of analysis.

Table 4. Reasoning Content for Analysis of Biology Laboratory Reports: Definitions and
Examples
Category Definition Examples

Any idea involving consideratioof the
Genetic genotype, including genetic changes i éstarted with lacgene& 0

and possession of particular genes

~Any idea involving the rate or o _ o
Parametric . _ i éincreased mutation ra&ed
probability of some evertitappening

Any idea involving organismal traits,
Organismal such as strain or expression of a fié the useof lactos@ 0
phenotype

. Any idea involving population values ) ) .
Population _ _ fiet he -térmo sugivad 0
such as fitness or lifespan

Any idea involving environmental o _
_ i eunder the environment of
Environmental factors such as temperature or resoul

o antibiotic® o
availability
_ Any idea involving the field of A éthe drugs that humans use
Medical o .
medicine combat them 0

Experimental Any idea involving the experimental A éplating a smaller amount o

Methods  setup or procedures cells¢ 0

Experimental

Dat Any idea involving experimental data A écount of colonie§ 0
ata

11



Out of the eight categories that were generated, we were most irdenette first six,
as opposed to the last two categories, Experimental Methods and Experimental Data. This is
as we wanted students to reason about what the experiment could tell thanbiatlogical
conceps and to posit biological theories for the dHtay were generating in their experiments,
rather than simply accounting for unexpected data as a result of experimental error in
procedures or providing large amounts of data withowor@ag about what the data meamnt
terms of biological theoriesAs such, the first six categories were additionally tagged as
Biology Conceptual Content.

We were also imrested in whether the Biology conceptuahtent students were
providing in their laboratory reports matched what had been provided in thabpraory
readings, or were nuanced differerftiym the prelaboratory readinggr were not to be found
in the prelaboratory readings at all. As such, wemparedall argument units with Biology
conceptual ontent against information provided inthee s p e ¢ t prelaboratoeyaeading
in order to establish whether this content had been given to studéms. all of the Biology
conceptual content in an argument unit matched what was given-iabamatory readings,
they were additionally taggeas Given Content; however, there were cases where some of the
conceptual content in an argument unit would match what was given and some would not, and
we would tag the conceptual content which matched as Given while leaving the rest untagged
(Figure 2).This allowed us to better capture what reasoning content was actually provided in
pre-laboratory readings, rather than coding all of the content in a given argument unit as given
or not given.

I n this thesi s twouavenddslof abalysispve pusseed iniondey to
determine whether there were changes in the lab reports between the two years. The first
avenue of analysis we pursued was whether there were changes in how students were using

and integrating experimental tdainto their laboratory reports. In order to examine this, we

12



looked at the proportion of Evidence units out of the total count of argument units in each

laboratory report, as well as the proportion of EvideBeglence linkages out of the total count

of linkages, to get a sense of whether students sierply providing large amountsf data

that were not being reasoned aboutintegrating the pieces of experimental data they had

generated with the theoretical claims they were makiing second avenue ahalysis was

whether there were chges in the amount of Biologyonceptual content being provided, and

changes in the amount of that conceptual content that was givemlabpratory readings. We

analyzd this through looking at the proportion of rea@iag antent units coded as Biological

Conceptual Conterdut of the total count of content units for each laboratory report, and the

proportion ofconceptual content that was coded as Given out of the total coBrdlodical

conceptual contentWVe usedSPSS Statistics Version 24 to run quantitative analyses and ran

independent samplesté&sts to check for statistical significances.

Content Framework

Argument Unit

Neither of the strains were
originally able to digest lactose,

Og Og Og

The two strains provided cannot
digest lactose

Argument Unit

the E938 (Mut -) strain of E. coli
produced more mutations than
the E939 (Mut +) under both
experimental conditions: the
presence of rifampicin

Og Gn Gn Og Gn En

Argument Unit

the E938 strain apparently was
able to develop this mutation
faster and in greater quantities
than the E989.

Og Gn Gn Og

E938 has an elevated mutation
rate

The E938 strain is Mut-

The E939 strain is Mut+

E938 has an elevated mutation

rate

Figure 2. Graphical representation of analytic framework content coding. Tags in red and

green represent givagiological conceptual conter@ndnon-given Biological conceptual
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contentcodes, respectivelyfexts in yellow are argument units from laboratory reports, while
texts in red are the information provided inqaboratory readings that the argument units

are being compared against to decide if there is a match.

Findings

Changes in Evidence Usage

Table 5.Mean Percentage of Evidence argument units in laboratory reports in the two years.

Statistic Year 1 Year 2
Number of Reports Analyzed 24 19
Average Percentage (%) 24.6 24.7
Standard Deviation (%) 12.7 10.4

Based on a preliminary application of thegyument unitoding scheme to the whole

data set, there was no change in the average proportion of Evidence argument units between

the two years (Table 5), indicatirthat students were using about the same proportion of
evidence in Year 2 of the study as in Year 1. However, as there were significantly more average
argument units (Table 6, p < 0.01) and total word count (Table 700K per laboratory

report, studets were ultimately providing more pieces of evidence in Year 2 as opposed to

Year 1.

Table 6.Mean Count of Argument Units in laboratory reports in the two years.

Statistic Year 1 Year 2
Number of Reports Analyzed 24 19
Average Argument Units 24.5 40.2
Standard Deviation 8.7 16.6

14



Significance p<0.01

Table 7.Mean Total Word Count of laboratory reports in the two years.

Statistic Year 1 Year 2
Number of Reports Analyzed 24 19
Average Word Count 317.8 487.6
Standard Deviation 123.6 193.2
Significance p<0.01

When we analyzed the average proportion of Evidéhadence linkages in the
laboratory reports, we found a nemnificant decrease in the average proportin Year 2
even after outlier valuesere removed (Table 8, p < 0.1). $lsuggested that though students
were integrating the pieces of evidence they were providing in Year 2 more with other kinds
of argument units, rather than simply providing long chains of evideéheeg was not a
significant change in the number of stutéeactually doing this. Analyzing the scatter plot of
the reports analyzed, while there were more laboratory reports in Year 1 than Year 2 which
had >20% Evidenc&vidence linkages, there was a substantial number of laboratory reports
with >20% EvidenceEvidence linkages in both years (Figure 3). Taking both trends together,
though there are some changes in how students are using evidence in the two years, the changes
are not particularly significant, suggesting that the difference in reframing did rigtatett

student usage of evidence.

Table 8.Mean Percentage of EviderE®idence linkages in laboratory reports in the two years.

Statistic Year 1 Year 2

15



Number of Reports Analyzed (Outliers

24 17
Removed)
Average Percentage (%) 13.3 8.0
Standardeviation (%) 12.5 5.3
Significance p<0.1

Proportion of Evidence-Evidence Linkagesin

Laboratory Reports
45
[ ]
40 i
35
30 ¢ .
25 L

ol

Percentage of Total Linkages (%)
N
o o

el
o ol
- O O0OEGlEoe

N OGHOGe e o

Year of Sudy

Figure 3. Scatter plot of proportions of Evidené&sidence linkages in laboratory reports in

the two years of the study. 24 reports were analyzed in Year 1 and 17 reports in Year 2.

Changes in Reasonirf@pntent

Table 9. Mean Percentage of Biology Conceptual Content in laboratory reports in the two

years.

Statistic Year 1 Year 2

Number of Reports Analyzed 12 10
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Average Percentage (%) 73.6 80.9

Standard Deviation (%) 6.6 9.1

Significance p <0.05

Based on a preliminary application of the reasoning content coding scleme t
subsample of the whole data set, consisting of 12 reports from Year 1 and 10 reports from Year
2, the proportion of Biological conceptual content significantly went up in Yéaallle 9, p
< 0.05),suggestinghat the reframing of the discussion section prompts led to students positing
more theoretical claims rather than simply providing content about experimental
methodologies or data. When analyzing the proportion of givecepdnal contet, we found
that it dropped very significantly in Year 2 (Table 10, p <0.01), and when looking at the scatter
plot (Figure 4), we note that all laboratory reports in Year 2 had less than 20% given conceptual
content whereas there were mubtigaboratory reports in Year 1 with more than 20% given
conceptual content. This tentatively indicates that the reframing resulted in students providing
more nuanced and novel propositions about Biology concepts, rather than simply repeating

ideas that héhalready been provided to them from the lat@oratory readings.

Table 10.Mean Percentage of Given Biology Conceptual Content in laboratory reports in the

two years.

Statistic Year 1 Year 2

Number of Reports Analyzed (Outliers

11 10
Removed)
AveragePercentage (%) 25.7 11.9
Standard Deviation (%) 13.6 5.5
Significance p<0.01
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Proportion of Given Biology Conceptual Content
In Laboratory Reports

8

90 °
80
70
60
50
40
30
20
10

Percentage of Total Biology
Reasoning Content (%)

Year of Sudy

Figure 4. Scatter plot of proportions of Given Biology Conceptual Content in laboratory
reports in the two years of the study. 12 reports were analyzed in Year 1 and 10 reports in Year

2.

While these are promising initial results, suggesting that the reframihg aboratory
course structure resulted in students both providing more conceptual claims and Biological
theories, as well as not simply repeating what had been provided-iabpratory readings,
we do note that this is still a preliminary analysis@ubsample, which needs to be applied to
the whole data set and run through ifreter reliability in order for us to make these claims

with confidence.

Understanding Changes in Context

While the quantitative statistics provide a useful cogrsened signal for
understanding differences between the two years broadly, there is still the question of what

these statistics, like the proportion of Evidefitedence linkages, mean in terms awftual
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writing in the laboratory reports. What we aim to do in this section of the thesis is to attempt
to tie the different quantitative signals together to show what their numerical values actually
translate to in the form of the actual text of the labany reports and our qualitative senses of
them. We will be presenting three different laboratory reports in this section, providing both
their quantitative statistics as generated through our analysis and their modelled argument
structures, and conneagjrihese analytical values to the actual text of the report, in order to
demonstrate the meaning of these signals in the context of the laboratory reports and provide

additional nuance to what these values could indicate.

Table 11 Quantitative Data fromwdence usage and reasoning content analysis of all reports
from both years, 3AS23, 3AS11, and 3BS6. One outlier value was removed from the average

proportion of given conceptual contedB laboratory reports were analyzed to generate the

average.
Average
Statistc 3AS23 3AS11 3BS6
(Year 1 and 2)
Total Word Count 392.8 328 319 406
Total Argument Units 31.4 24 24 27
Evidence Argument biits
247 41.6 33.3 25.9
(%)
EvidenceEvidence linkages
11.8 32 24 7.4
(%)
Biological Conceptual
76.9 75 63.9 88.8
Content (%)
Given Conceptual Content
19.1 25.9 33.3 12.7

(%)
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To begin, we will consider 3AS23, a report from the first year, which has both a high
proportion ofEvidence argument unitg, high proportion of BdenceEvidence linkagesan
approximatelyaverage proportion dBiological conceptual contentand an above average
proportion ofgiven conceptual contentompared to the average proportiortted respective
values in both years (Table 11)poking at its modelled argument structure, it has iagof
eight Evidence units in the middle of the laboratory repanichis then connectetb a chain

of reasoning derived from the plaboratory reading (Figure 5).

Hypothetical Claim 3AS23 o—e—o
Hypothetical Explanation

Hypothetical Evidence
Unmarked Question
Unmarked Goal

Unmarked Claim e—e—o Legend

P T J A —— Repeat
Unmarked Explanation ) epea

_ Supporting
Unmarked Evidence ./_ ® *_0_90_0_90. 0.9 O ~ Opposing

Referenced Question - Funj:::na\

Referenced Goal

Referenced Claim 'y l : [ ]
- L\

Referenced Explanation L ¢
0 5 10 15 20 25

Figure 5. Modelled argument structure of laboratory report 3AS23, from the first year of the

study.

This would suggedhat rather than reasoning about each piece of evidence they were
providing or using the intentionally to support novel and nuanced theoreficapositions
this student in the first year of the study was simply presenting their experimental data as the
bul k of the report, possibly in alignment wi
interpreted typical laboratory reports as anreise in reporting findings. This is validated by

looking at the texof the laboratory report (Figure 6): a long sequence of experimental data is
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provided, but only one piece of data is explicitly reasoned about by the student in,theéthext

information that matches what was already provided as a given in tHeljmeatory readings.

In the adaptation experiment,
, and

, since their

, whereas .
resulted from the strain’s functional
DNA repair mechanisms. These mechanisms meant that it produced mutations at a
much slower rate than E938, which had suboptimal DNA repair mechanisms (Mut-).

Figure 6. Passage from laboratory report 3AS23, from the first year of the study. Text in pink
was coded as Evidence, while text in blue was coded as Explanation, amdgesen was

coded as Claim.

In contrast, 3AS11, another report from the first year, has a comparatively lower
proportion of Evidence argument units aBdidenceEvidence linkages (Table 11This
suggests that rather than simply providing large amoohexperimental data that are not
reasoned about in the laboratory report, the student is making more claims or providing more
explanations as compared to 3AS23, and the pieces of evidence that they are providing are
more integrated with the claims andpénations that they are making and providing, thus
acting as experimental support thains of reasoningdowever, it also has a lower proportion
of Biological conceptual content and a higher percentage of given conceptual content (Table
11). This indictes that even though there are more claims and explanations, these claims and
explanations are largely about the experimental methodology or match what has already been
provided in the prdaboratory readings, instead of providing novel or nuanced thealreti
propositions.

Considering its modelled argument structure, we can also note a few interesting things.
There is one central Hypothetical Claim that seems to act as a coordinating argument unit for

the structure as a whole, since the rest of the argubranches out from ithere are also
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multiple argument linkages that connect argument units that are far apart in the actual report,
with the supporting linkage between argument unit 1 and 24 being the most drastic example of
this (Figure 7)This wouldsuggesthat rather than havingne singular argumetttreadin the
laboratory report, where each successive argument unit builds on the ideas expressed in the
previous one,the laboratory report generates new argument branches based off older
propositiors, and the whole argument is ultimately based around supporting one particular

Hypothetical Claim.

3As11

Hypothetical Claim L *—o—0o—0o
Hypothetical Explanation \.
Hypothetical Evidence —e

Unmarked Question Legend

Unmarked Goal R
_______ epeat
Unmarked Claim o—e o /.—.— ® [ ] Supporting
Unmarked Explanation \ /./\/ J~ Opposing
Unmarked Evidence o—0—0—0 o—e l:l Functional
Unit

Referenced Question
Referenced Goal

Referenced Claim

Referenced Explanation

0 5 10 15 20 25

Figure 7. Modelled argument structure of laboratory report 3AS11, from the first year of the

study.

This is validated bylooking at the text of the laboratory report (Figure 8). The
laboratory report begins with its hypothesidich though posited as hypothetical completely
matches the information provided in the4mboratory readings as a guaranteed outcome. This
hypothesis is alsdinked to three separate argument chamisich arethat E938 is Mu that
it would be visualized by particular hypothesized evidence, and that it was supported by the
actual experimetal evidence, thus acting as a coordinating claim forwuiisle beginning
passage. There is a developed chain of reasoning about the data provided, where the student is
making claims about survival and fitness, which is then abandoned for elaborating on a

particular piece of evidence provided previously. Bothtéhx¢ of the laboratory report and its
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model |l ed argument structure thus bBbowf@hgigst t
results conform to [their] hypothesjgroviding some initial evidence of the prompt affecting

their framing and demonsteat structure of reasoning.

Our hypothesis was that E938. [which is Mut-]1. would show increased mutation over

strain E939. This would be visualized by
and MacConkey
. This hypothesis was supported by both
and , which showed

The increased mutation rate and survival of E938 can be attributed to the faulty DNA
repair of the Muf- strain. Increased mutation rate allows more bacteria of this strain to
gain the traits necessary for survival on the rifampicin plates. Likewise, E938 also adapts
better for the use of lactose as an energy source on the MacConkey agar. Some
uncertainty was present in the class data for the E938 strain.

Figure 8. Beginning @ssage from laboratory report 3AS1ftom the first year of the study.
Text in pink was coded as Evidenamd text in green was coded as Clairext in square

brackets was coded as a separate argumentamitthe text surrounding it.

Finally, to turn to 3BS6, a report from the second year, we see how the different
guantitative signals in tandem can indicate a laboratory report with high demonstrated
reasoning. 3BS6 has a roughly average proportion of Evidence argument units, a bedg® av
proportion of Evidencé&vidence linkages, an above average proportion of Biological
conceptual content, and a below average proportion of given conceptual content (Table 11).
This suggests that in contrast to the previous two laboratory reports, [BRS6ntegrates
experimental data with theoretical propositions and provides theoretical propositions which are
novel and nuanced and about Biology concepts rather than simply linking everything to
experimental methodology. Considering its modelled arguiisteucture, we can also note that
all of the argument units can be traced in a single unbroken line, suggesatitigere is only
one large, cohesive argument that the student is consistently developing throughout the whole

report (Figure 9).
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Figure 9. Modelled argument structure of laboratory report 3BS6, from the second year of the

study.

This is again validated by looking at the text of the laboratory report (Figur@i®).
student moves between pieces of evidence and strings of claims, integngberimental
evidence as support for novel and nuanced theoretical propositions which were not provided
as givens. There are also a number of different ideas provided, from the comparative rate of
specific beneficial mutations to survival and fitnessparticular environments. Thus, in
comparison to the previous two reports from the first year, this laboratory report demonstrates
more interesting and sophisticated reasoning in terms of providing a variety of ideas that were
not provided as guaranteesthre experimental space and building on previous theoretical
propositions with each new claim and piece of evidence. This provides some evidence that the
reframing of the laboratory sections could influence how students choose to demonstrate their
reasoningshifting away from simply trying to defend their hypothesis to reasoning about the

theoretical propositions that they could generate from the experimental data they had gathered.
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