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Introduction

Literacy, including the abilities to comprehend rich multimedia, and effectively communicate through written texts,
is key to learning, and full participation in society across age ranges (OECD, 2013; OECD & Statistics Canada, 2000).
When learning science, it is common to expect students to engage with multiple texts in order to come to a conclusion
about a topic. Britt and Rouet (2012) developed a model to describe how people comprehend multiple documents.
They note that in fact when engaging with sources students may engage with documents in varied ways. Specifically,
some students take the claims from each source and add that to their model of the topic (i.e., treating knowledge as
accumulative); while other students create a richer model that includes the inter-relationships between the sources,
and the document information (e.g. provenance features). Thus Rouet (2006), echoed by Bréten, et al., (2011) suggest
some key skills that are important in the context of dealing with multiple sources (particularly in rich-multimedia
environments): integration of prior knowledge and across documents (including competing claims); sourcing of
features that identify the provenance, genre, etc. of the information; and corroboration to check information across
multiple sources.

In interdisciplinary science contexts, text integration is particularly interesting, and under-researched. Much
of the limited research on learning to do interdisciplinary research focuses on ways of collaborating, sharing and
translating knowledge from different disciplines in teams (see, for example, Bammer, 2013; Pennington, 2016;
Pennington et al., 2016). The alignment of values, theory, epistemologies and methods are identified challenges to the
practice of interdisciplinarity (Lélé & Norgaard, 2005). Given that a common output for research teams is in written
form, whether an article, policy recommendation, or research proposal, text integration is key to the successful
synthesis of disciplinary perspectives and appropriate communication to stakeholders. In this paper we describe a
synthesis writing task that was designed for graduate environmental science students. We draw on work in epistemic
cognition and text integration tasks in order to develop an approach to analysis of student texts and demonstrate the
utility of the approach for differentiating between students’ written syntheses in order to provide feedback. The work
provides a novel account of text integration tasks as an epistemic probe on interdisciplinarity in science contexts.

Background

Text Integration as a Lens on Learning

A task that allows us to investigate these processes is text-integration or synthesis writing, in which students construct
representations of how multiple sources fit together in relation to a particular task or issue (Goldman et al., 2013).
Synthesis can occur in a number of different types of task, including: integrating differing genres of texts targeted at
a shared theme; integrating texts that contain agreements and contradictions on a shared theme; or integrating texts



that each contain pieces of information regarding a particular theme, each contributing a part of the picture (Goldman
etal., 2013).

Text integration tasks can thus occur across a range of scientific contexts. Indeed, the need to integrate texts
is commonplace. On a day-to-day level, people are frequently required to integrate information, for example regarding
health behaviors such as dietary advice from multiple sources of varied qualities. Many of these contexts have societal
implications, for example, how people engage in such integration tasks has implications for their participation in
public debates around concerns such as climate change action (Bréten et al., 2011). For these reasons text integration
is receiving increased attention in writing research, as a higher-order learning activity in its own right (P. D. Klein &
Boscolo, 2016), but not yet in interdisciplinary science research. Alongside this attention, there is increasing
recognition of the disciplinary nature of writing (P. D. Klein & Boscolo, 2016). Despite this dual concern, a feature
of text integration tasks that has been little explored is the nature of disciplinary context in text integration tasks.

The skills involved in written synthesis are not specifically addressed in the literature on interdisciplinary
learning in science, although communication and integration are both identified as key skills for interdisciplinary
researchers (for example, Borrego & Newswander, 2010; Vogler et al., 2018). Boix Mansilla (2006) found that
researchers described a dynamic picture of knowledge validation in interdisciplinary projects, focusing on (1) how the
work relates to what researchers find valid in the disciplines involved; (2) how the work stands together as a coherent
whole; and (3) how the integration advances the goals identified by researchers. In Borrego & Newswander’s study
(2010), they found that humanities literature emphasised (solitary) integration skills, whereas engineering and science
proposals tended to emphasise interpersonal skills to demonstrate integration. Klein (2008) is one of the few
researchers who have mentioned the ability to locate pertinent information, compare and contrast different approaches,
and generate a synthesis as key to interdisciplinary research practice.

Text Integration as a Probe on Epistemic Features of Interdisciplinarity
A body of work in the learning sciences has explored these abilities to comprehend and integrate information from
across sources, specifically viewing these behaviours through the lens of epistemic cognition (see, for examples,
Barzilai & Eshet-Alkalai, 2015; Braten, 2008; Braten et al., 2011; Ferguson, 2014). This construct, epistemic
cognition, describes the ways in which people think about the nature of knowledge and knowing, typically described
in terms of beliefs regarding the justification for claims, the source of knowledge, its complexity, and certainty (Hofer
& Pintrich, 2002). This work typically asks students to summarise, or develop arguments, based on internet search or
sources that are provided (typically of varied provenance), requiring them to integrate and evaluate claims often on
socio-scientific topics such as climate change (see particularly, Ferguson, 2014). In this work, students’ cognition
around the certainty, simplicity, source, and justification of knowledge is seen as a key mediator for how sources are
treated and made use of, assessed through knowledge-tests or constructed responses. In text integration tasks, the ways
in which sources are drawn on may give insight into learning. As Britt and Rouet note: "Quality learning involves not
just acquiring facts about a topic or a situation, but also gaining an awareness of how these facts come to be established
(i.e., what sources they come from) and the degree of certainty (or caution) with which they must be taken." (Britt &
Rouet, 2012, p. 279). Thus, in line with Braten et al. (2011), successful integration must involve consideration of
sources and relations among them, but readers may well not understand this consideration, may fail to recognize
relationships and inconsistencies between sources, and if they do recognize inconsistencies, they may not attempt to
reconcile them (Stadtler & Bromme, 2014). Moreover, in order to effectively apply strategies to deal with inter-textual
ties (making connections between texts), students must have meta-strategic knowledge (an approach to combining
several strategies) that informs their understanding of when to draw on multiple sources (for example, where sources
provide partial information, or disagree), and how to do this effectively (for example, through careful consideration
of the claims, their basis, and their source, rather than merely listing the multiple claims) (Barzilai & Ka’adan, 2017).
Analyses of student syntheses across disciplines indicate that there are a number of strategies that students
use that do not support the range of different qualities we seek in a synthesis (less-adaptive strategies). These include:
sourcing from a limited set of sources; sourcing key points from sources but without building connections between
sources; and restatement of claims from sources but without integration (see, Goldman et al., 2012; Solé et al., 2013).
In recent work on literacy and epistemic cognition (Anmarkrud et al., 2014; Braten et al., 2014) students were asked
to produce written outputs, which were then scored for:
1. Presence of explicit or implicit sourcing (i.e. explicit reference to the source, or indirect reference such as
“one article spoke of [specific detail]” but without direct use of source information);
2. References to trustworthiness of the source or information from that source (coding separately for negative
and positive evaluations);
3. Finally, whether connections were made between content-source trustworthiness (for example, whether
content was trusted more because of the properties of the document from which it was sourced).



That research found that, approximately half of sourcing references were explicit (with the other half implicit) and
students did not make reference to the full list of sources (approximately three of six references). In Braten et al.,
(2011) the authors describe some key relationships between a model of multiple document comprehension, and
epistemic cognition. For example, we would expect those people who have less adaptive perspectives on the
‘simplicity’ of knowledge to engage with multiple documents in a way that emphasizes simple over complex sources,
and accumulation of facts over integration.

Adapting this work to interdisciplinary contexts, we suggest that prior work on epistemic cognition and
sourcing in text integration tasks can inform our understanding of interdisciplinary synthesis production in science
contexts. For example, in drawing on that prior work we might characterize text syntheses that adopt single-discipline
perspectives as expressing a less adaptive view of the ‘simplicity’ of knowledge. These relations between
interdisciplinary text syntheses and epistemic cognition can be conceptualized as indicated in Table 1. We suggest
that developing tasks to understand key epistemic concerns in interdisciplinary learning contexts connected to writing
could be useful.

Table 1 Hypothesized Relationships Between Epistemic Cognition and Interdisciplinary Text Integration

Facet of | Less adaptive — characterized by More adaptive — characterized by

cognition

Simplicity The adoption of single-discipline | The synthesis of claims from multiple
perspectives disciplinary perspectives.

Effective intra-textual synthesis

Certainty The adoption of fixed “solutions”. The use of multiple sources to support claims.
Focus on models that express certainty in | The tendency to draw on a diversity of
their application disciplinary perspectives

Source An emphasis on sources that are from | An emphasis on source characteristics
familiar disciplines appropriate to a range of disciplines
The inclusion of disciplinary perspectives | Clear differentiation between source qualities
that are not appropriate to the problem | and the potential of disciplines to speak to
space particular aspects of the problem space

Justification | An emphasis on methods or authorities | The use of triangulation to support claims.
from a familiar discipline. An analysis of argument and expertise from
Little attempt at triangulation multiple disciplinary perspectives

Interdisciplinary writing tasks can be developed by providing learners with texts from multiple disciplines, within a
particular context in which they must work towards identifying a specific problem, using a shared vocabulary, and set
of resources to develop new understanding towards some ends, such as a policy recommendation or research proposal.
In the rest of the paper, we describe a particular implementation of this interdisciplinary task design. We then draw
on prior work in epistemic cognition and text integration tasks to develop a novel analytic approach for identifying
relations between features in text-integration artefacts (i.e., written syntheses), and dimensions of epistemic cognition.
And apply it to. Set of texts produced by graduate environmental science students participating in a text integration
task. The work provides a novel account of text integration tasks as an epistemic probe on interdisciplinarity in science
contexts.

Methods

Participants and Ethics

The Summer School was offered over two weeks for PhD students in July 2016, and 2017 at the University of Texas
at El Paso (Thompson et al., 2017). Summer school participants were selected based on a variety of measures including
their disciplinary background (including environmental science and engineering; archaeology; bioengineering; urban
management; ecosystem science and sustainability; agriculture and biological engineering; agricultural economics;
water science and management; water resources) and interest in interdisciplinary science. The research was determined
to be exempt from full IRB Review. Participants were able to participate in the Summer School without being part of
the research study, and were able to withdraw from the study (or from specific parts of the data collection) at any time.
All participants consented to participation. In total thirteen graduate students (six males, seven females) participated



in 2016, and thirteen in 2017 (five males and eight females). One student each year chose not to complete the writing
task, and 24 texts were considered for this analysis.

Materials and Procedure

The Graduate Summer School (Thompson et al. 2017) was designed by a team of researchers from the environmental
sciences and learning sciences and has been applied in multiple institutions (Thompson et al., 2016). The Summer
School builds on a model for integrating knowledge across disciplines (Pennington, 2016) that combines theories from
the learning, social, and organizational sciences regarding how visual externalization of mental models enables
complex reasoning in groups (model-based reasoning). Over ten days, students engaged in a variety of tasks designed
to focus on key elements of interdisciplinary socio-scientific research: collaborative processes and individuals’ roles
within a group; epistemic beliefs; production of visual representations; systems thinking; and leadership. Other skills
were woven through the ten days, including reflective practice, identification of stakeholders, and written synthesis,
the focus of this paper. Students were asked to write a synthesis of three articles, on a shared theme (the food-energy-
water nexus), but each from a different disciplinary context. The students were asked to draft syntheses through the
workshop (on day 3, with opportunities to redraft on days 5 and 8), with a final submission at the end of the event (the
artefact reported in this paper).

Analysis
To analyze the synthesis texts, we identified features of the text that align with the high-level constructs indicated in
Table 1. To do this, a rubric was developed to score the syntheses on five dimensions. In prior work by Goldman et
al., (2013) essays were segmented into “idea units” that were mapped to their source texts and sentences, with an
indication of its status as a summary. In a further formalized approach, Sorumen, Heinstrém, Romu and Turunen
(2012) provide a detailed flowchart for the analysis of sourcing in source-based writing tasks. In that model, each
sentence is assigned to a source document, with transformations categorized at both a paragraph and source level.
However, these approaches are not readily applicable to an analysis in which it might be expected that students draw
together information from multiple sources in a single sentence. They also do not provide further insight into the
specific ways in which texts are woven together, nor the ways in which students do, or do not, evaluate the sources
and their content. Although of course this information could be added as a categorization of text-transformation, and
future work may adopt that approach, to provide a demonstration of the significance of synthesis to interdisciplinary
learning, a simpler approach is adopted in this paper.
The rubric we adopt was based on our prior work investigating a text integration task (Knight & Thompson,
2018) and is intended to be useable by an instructor or student without the need to undertake a time-consuming coding
of individual sentences or idea units within a given text. The rubric builds on the literature cited above, drawing on
the focus on: the specific content that students include in their texts; their use of explicit and implicit citation; the
evaluation of the citations and the content drawn on; and the ways in which that information is synthesized (both
summarizing individual sources and across multiple sources). The syntheses were analyzed with respect to their
inclusion of topics or themes from the sources, intra- and inter-textual synthesis, evaluation, and sourcing (which
articles were explicitly referred to). Each criterion of the rubric was scored on a 0-3 scale, with 0 indicating that the
criterion was not addressed at all, and 3 that it was exemplary (for example, that topics from all three source documents
were addressed).
1. Topic coverage: Ranging from the text giving superficial coverage of the topics (0), through to clear coverage
of topics from all three source texts (3).
2. Source inclusion: Ranging from text omitting reference to any source (0), through to reference to all three
source texts (3).
3. Evaluation: Ranging from simple restatement of claims without consideration of source properties or the
salience and plausibility of the claims made (0), through to a clear weighing up of the claims made between
sources, analysis of disciplinary perspectives and differences, and drawing a conclusion (3).
4. Intra-textual synthesis: Ranging from simple restatement of claims from individual sources with no attempt
at distilling key points or providing an overview of the text’s claims (0), through to clear overview of each
of the three texts with key claims present (3).
5. Inter-textual synthesis: Ranging from a total lack of integration between texts, for example, by discussing
each text separately and in turn (0), through to an integration of the texts such that claims from each text can
be identified inter-woven throughout the text (3).



All 2016 texts were coded by both the first author and a research assistant, and agreement was calculated for each
measure: topic (100%), source, (92%), evaluation (83%), intra-textual (42%), inter-textual (92%). After discussion
100% agreement was achieved for each, and the research assistant coded all 2017 texts.

Findings

The table summarizes the text characteristics, by score, observed in this cohort group, showing in each row the
characteristic split over the criteria (using a binary presence), a description and the number of student syntheses with
the characteristics. This gives an indication of the range of responses, with each type described in further detail with
reference to an example case from the group.

Table 2 — overview of synthesis response types

Intra- Inter- Number of syntheses representing this type, brief description (and
Topic Source  Evaluation textual textual student name used in the demonstration)

- Summarises very generally; Samantha

: Synthesises each topic without evaluation or sourcing; Anthea
: Synthesises each paper separately without evaluation; Andrew
: Synthesises and evaluates effectively without sourcing; Diane
. Synthesises but without overall integration; Patrick

: Synthesises overall without evaluation; Mark

. Effective synthesis; Sandy
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The results presented in Table 2 show that six of the 24 students included in the analysis produced an effective
synthesis, meaning that they achieved a score of at least one in each category. An additional eight students achieved a
score of at least one in all but one category (missing either the identification of the source (two students), an evaluation
of the sources (four students) or the inter-textual description (two students)). Nine students were missing two of the
key features of synthesis (in all cases an evaluation of the sources was missing, and in addition either an identification
of the source or an inter-textual comparison). One student produced a general summary, only providing an inter-textual
description. Most students identified the topic and produce an intra-textual description (23 students). The most
common category that was missing was the evaluation of the sources (ten students included this).

In the following, we highlight seven students from the cohort who provide an example of the key features of
each type of response, drawing on excerpts from their texts to demonstrate differences in how they completed the task,
and how the features described in the analysis section help to differentiate between them. Each excerpt has been
selected from the longer text produced to include one shared theme (precision agriculture). In presenting these
excerpts, we also flag how the features described might be used to develop feedback to the students, and — where
appropriate — which dimensions of epistemic cognition that feedback might particularly target.

Summary: Samantha was the only student to produce this less adaptive, high level coverage of all topics.

“As improvements are made in renewable energy, precision farming, and water management, sustainable

practices are created and will inevitably impact the entire system. While the complexities of the individual

systems continue to be investigated, dynamics within the systems and changes to the systems have significant
impacts on the interconnection of the systems.”

The excerpt illustrates that the synthesis provided considered high level commonalities, but without detail in
topic coverage, evaluation, explicit or implicit use of sources. Because of the high level nature of the work, no
identifiable inter/intra-textual ties could be readily identified. As can be seen in Table 2, feedback targeting the
development of Samantha’s synthesis would address all five features of the text-integration task.

Synthesis of each topic (no evaluation, no sourcing): Anthea submitted a text that synthesized the main
ideas across texts and topics (referring to precision agriculture, energy, and water needs together), but without referring
explicitly to the sources themselves, or evaluating the claims made.

“Energy-consuming machines have in many places replaced humans to plant, fertilize, harvest, and even

water crops. Over time, as more machines have been used to produce and transport food, the amount of

energy used from planting a seed to getting the produced food to someone’s table has increased. However,
the rise of precision agriculture can potentially help both increase the productivity of farms and decrease
energy use. For instance, tractors using GPS guides can decrease the energy used by tractors by decreasing
the number of overlapping passes that the tractor makes. This energy can come from many sources, some



even involving the use of water sources, but energy production can also lead to pollution of water sources,

thus contributing to water poverty. Additionally, large amounts of energy go towards cleaning groundwater

that is contaminated with salt or water that has been polluted through various sources. Beyond these simpler
connections, all three concepts are tied together by similar issues stemming from inherent ties to society, the
economy, the environment, and technology.”

As can be seen in Table 2, feedback targeting the development of this synthesis might focus on drawing
explicitly on the sources, and critiquing the claims and their interrelations across the texts, for example, while the
articles are drawn together they are not explicitly cited (e.g. the sentence “For instance, tractors using...” might cite
the food article on precision agriculture). Moreover, evaluation would flow across the synthesis, for example, the food
article presents a largely positive perspective on the potential of precision agriculture, but as Patrick’s synthesis
(below) notes “the implementation of this technology is not always an easy task as this is encompasses a social and
economic aspect for the farmer to implement” (an evaluation not contained in the article itself), and this has
implications for the wider potential of the technology in energy and water consumption, indeed related issues (of
measurement in water policy) are noted elsewhere in the three papers, and could have been drawn on in developing
critique.

Synthesis of each topic (no evaluation no inter-textual): In contrast, Andrew’s text provides an example
of a synthesis that was explicit in the identification of sources (by referring to the “first paper”, etc.).

“First papers talks about precision agriculture how different technology is applied in agriculture to better

use the resources and maximize agricultural production. This approach solves the unwanted consequences

(erosion, soil and water quality deterioration) occurred while optimizing the crop yield. This paper somehow

brings together nexus among the food, energy and water by talking about an approach that is designed to

use less energy to maximize crop yield and trying to preserve the water quality.”

In Andrew’s writing, he summarized the claims from each paper independently in a list, drawing out intra
but not inter-textual integration to cover all three topics, as the excerpt indicates. As can be seen in Table 2, feedback
targeting the development of Andrew’s synthesis could address the use of evaluation and inter-textual ties in particular.

Synthesis (no sourcing): Dianne’s work did not contain explicit reference to the sources from which the
information was being drawn.

“In reading the presented literature on current issues in each discipline, three common issues emerged.: 1)
the affected parties 2) the role (and challenge) of big data, and 3) the role of (and need for) technological
change in postponing catastrophe. [...]AImost all of the current problems addressed in the articles could
have some solution if more data was available and researcher could therefore make more precise estimates,
models, or scenarios. But at what cost? Big data can be intrusive. It can be expensive to collect. More
importantly it must be modeled and used effectively to have any desirable outcome. Often FEW issues are
limited by data and knowledge. Finding ways to access and use data accurately is a huge challenge for all
three systems.”

As the excerpt indicates, Dianne drew out key issues into a critical overview of the three themes, with
particular attention to evaluation. As can be seen in Table 2, feedback to Diane could focus on sourcing, noting how
the sources could be explicitly referred to in text, for example in the second paragraph, the first sentence (“Big data
or more precise and frequent data...”), could in-line cite the food paper on precision agriculture.

Synthesis (no integration): Patrick’s synthesis involved some critical discussion of the individual articles,
but without synthesis of ideas across these articles.

“[3] As I review this paper once more, I found even though the technology is there to make more efficient
crops and have higher yields, the implementation of this technology is not always an easy task as this is
encompasses a social and economic aspect for the farmer to implement, in addition the technology can be a
burden s the learning curve might be high for some farmers and in the end technology can be a burden if not
used correctly. /...] Overall this paper can be linked to the previous two papers because one, the
implementation of technology can make the farming process more efficient consuming less resources and
increasing productivity which have led to increased expectations in the market to have a higher projection
of yields once this technology is incorporated however the implementation of this technology might be
cumbersome for the people working in the farms because they may view this technology as a replacement of
field workers which have an impact on societal policies.”

Patrick’s text refers to the three sources separately (listed using [1-3]), using intra-textual synthesis to
summarise the key points, but with very limited inter-textual synthesis (given in the final couple of sentences “Overall
this paper can be linked...”). As the excerpt indicates, some evaluation is given, here discussing technology
implementation (beyond discussion in the source piece). As can be seen in Table 2, feedback to Patrick could focus



on drawing the three papers into a cohesive synthesized narrative (as in Diane’s synthesis), rather than discussing the
three papers in turn and tying them together only in that paper-by-paper discussion.

Synthesis (no evaluation): Mark’s synthesis did not include explicit evaluation of the sources/content.
“The scale of the desired prediction places requirements on data types and amounts. For example,
Lowenberg-DeBoer illustrates this with a discussion of variable rate fertilizer and the associated field data
needed to make it actionable. Similarly, making monthly hydrological predictions requires (semi-)monthly
data just as creating a spatial model at a specified scale requires a sample of observations within distinct
spatial intervals of the scale for prediction. .... Building on this, Molle & Mollinga point out that some
institutions may even select arbitrary quantifications of human-environmental relations, again ignoring
context, only to advance their own desired outcomes. Notably, quantifying resources like food, water, and
energy for one place at one point in time can be difficult, even without making predictions, because these
resources often exist in inter-connected environments. Energy, as Smil highlights, is incredibly difficult to
predict because on one hand new resources (or technologies to extract them) emerge and on the other
consumption patterns change both on the whole and regionally. Therefore, whatever predictions are made,
they will be constrained by data availability”

As the excerpt indicates, connections between the texts and their key issues are drawn out into a critical
overview of the three themes. As can be seen in Table 2, feedback to Mark could focus on evaluation of the claims
made, for example while Mark’s synthesis (including this excerpt) focuses on the issues of measurement flagged
across the papers, the critique of this focus — in both the synthesis and the papers — is that it may obfuscate the potential
for imperfect data to be used for positive outcomes across the nexus.

Effective synthesis: Finally, Sandy’s text provides an example in which all three sources were drawn on and
noted explicitly, with clear use of inter and intra-textual synthesis to effectively develop a concise, specific, and
relevant set of claims on the issues presented.

“Problems in measurement often arise due to subjective or overly complex methods, or because measurement
is difficult or unfeasible to execute. For example, Lowenberg-DeBoer (2015) describes ‘“precision
agriculture” as one technique used to understand food production in developing nations. Precision
agriculture employs novel technologies used to analyze agricultural variables (e.g., soil quality, yield, land
use and modification) at the micro-scale. The benefits of this detailed analyses can include increase in yields,
as well as minimizing the negative environmental impacts of farming. However, economic constraints restrict
the collection of large datasets and data collection techniques are often difficult for farmers to easily
implement themselves. Molle and Molligna (2003: 541) suggest that indicators used to measure water
scarcity in the development sector, likewise, are difficult to achieve. They suggest that measures of water
scarcity, which often combine multiple variables to create a sliding scale, tend to obscure the intricacies of
local resource issues. ”

This text uses the claims within each article to provide a critical analysis of the issues, using related claims
across the articles to flag core issues by drawing out inter-textual relationships. Although no source based critique was
offered (for example, of authorial credibility), the text does engage in some evaluation of the claims.

Discussion and conclusions

This paper has argued that text-integration tasks provide an important authentic interdisciplinary task, and a key lens
into interdisciplinary thinking and epistemic cognition. We provide excerpts that exemplify the way in which these
skills are demonstrated through text features in synthesis tasks. These excerpts suggest that the relatively more and
less adaptive approaches to synthesizing information from interdisciplinary sources in Table 1 can be identified.
Across these examples we see cases in which few sources are used (such as the summary, Synthesis and Evaluation
without sourcing and synthesis without integration in Table 2), indeed in one case suggesting a ‘certainty’ (the
summary Table 2) based on the use of a single source. Additionally we see differences in the use of sources and their
source characteristics. At the most basic some responses did not include source information suggesting a relative
downgrading of its importance in understanding the construction of knowledge (and syntheses) (the summary,
synthesis without evaluation or sourcing, and synthesis and evaluates without sourcing in Table 2). Finally, we
observed differences in the justification of information drawn on, with some syntheses engaging in little evaluation of
the claims made (synthesis without evaluation or sourcing; synthesis without evaluation; effective synthesis in Table
2).

Despite the identification of written synthesis as an important skill for interdisciplinary scientific research,
particularly for communication and integration (e.g. Klein, 2008). there are few studies that investigate this skill in
the context of interdisciplinary science graduate student training. This study has provided a suggested task and a way
of assessing whether a student has achieved this skill, based on what we know more broadly about epistemic cognition



and text integration. The rubric designed for this study was able to be applied by a research assistant, and the suggested
implications of the various combinations of scores are of use for science education practitioners. In addition, it has
provided an interesting perspective on interdisciplinary science and the various components and skills required for
interdisciplinary practitioners.

The particular case described in this paper is an example of an interdisciplinary task to probe epistemic
features in syntheses. It could be expanded to include, for example, irrelevant material and sources of more varied
quality, alongside the multiple-disciplinary perspectives presented here. Further analysis is required to draw out
general approaches to connecting features of interdisciplinarity, text-integration, and epistemic dimensions. A step
towards analyzing these relationships would be to include an existing measure of epistemic cognition in the measures
provided to science students, to investigate the relationship between interdisciplinary synthesis and these established
measures in epistemic cognition. In addition, further analysis should establish concurrent validity for the text quality,
to investigate first how these texts are assessed by experts (e.g. environmental scientists), and second how these
assessments relate to other observed interdisciplinary behaviors. The nature of the task will of course play an important
role in the ways in which syntheses are produced as well as the relationships between text features and dimensions of
epistemic cognition. For example, tasks that involve making policy recommendations are likely to produce rather
different outputs to those that involve creating an overview synthesis of content for a proposal or paper, or a summary
for stakeholders.

The findings of this paper show that text integration tasks hold potential for insight into interdisciplinary
thinking and communication. The creation of artefacts has been recognized as an important component in the practice
of interdisciplinarity, to facilitate the connection of ideas and knowledge within teams. However, these artefacts are
also important in the communication of those ideas to others outside the team. The development of this task has shown
that synthesis writing, and its links to features of epistemic cognition — simplicity, complexity, identifying sources,
and justification — provide opportunities for investigating models of interdisciplinary learning and collaboration.
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