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There have been great societies that did not use the wheel, but there have been no

societies that did not tell stories

Ursula K Le Guin, The Language of the Night: Essays on Fantasy and Science Fiction

The scientists walk more slowly, over to the brow of the hill

and down to the water’s edge and past the place where the red clay runs

Neil Gaiman, The Mushroom Hunters

A educação libertadora consiste em atos de cognição, não em transferências de

informação [Liberating education consists in acts of cognition, not transferals of

information]

Paulo Freire, A pedagogia do oprimido [The pedagogy of the oppressed]
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Resumo

A ciência é ubíqua e aprendê-la é vantajoso. Contudo, esta aprendizagem é desafiante, devido a uma

lacuna  entre  pensamento  quotidiano  e  pensamento  científico.  O  presente  trabalho  subscreve  à

proposta de destacar a componente de literacia da educação científica, através da investigação do

impacto  dos  textos  narrativos  enquanto  ferramentas  de  aprendizagem  científica  mediadas  pela

literacia.  Propusémos  um diálogo  entre  quadros  teóricos  multidisciplinares  e  identificámos  duas

questões  complementares  para  examinar  a  questão  da  aprendizagem  com  textos  narrativos

científicos, concernentes, em primeiro lugar, aos resultados de aprendizagem e, em segundo lugar,

às condições e processos que os geram (Capítulo 2). Desenvolvemos materiais de aprendizagem para

investigar  estas  questões  (Capítulo  3).  Relativamente  aos  resultados  de  aprendizagem,  estudos

comportamentais (Capítulos 4 e 5) e de eye tracking (Capítulos 5) mostraram que jovens adultas/os

com pouco conhecimento científico prévio aprendem ciência de textos narrativos a vários níveis de

compreensão. O primeiro estudo mostrou que esta aprendizagem pode ser superior ou equivalente

àquela  produzida  por  textos  expositivos,  dependendo  do  tópico  científico.  Relativamente  às

condições  e  processos  de  aprendizagem,  os  mesmos  estudos  mostraram  que  um  conjunto  de

características das/os aprendizes contribuíram conjuntamente para esta aprendizagem. O segundo

estudo  mostrou  que  atenção  a  e  pensamentos  sobre  acção  humana  contribuíram

independentemente para a aprendizagem (Capítulo 5). Finalmente, um estudo qualitativo revelou

como textos narrativos e museus podem preencher lacunas entre pessoas e ciência (Capítulo 6).

Globalmente, os resultados sugerem que os textos narrativos podem ser uma ferramenta útil para

aprender ciência e aproximar as/os aprendizes da faceta humana da ciência.

Palavras-chave: aprendizagem de ciência; textos narrativos; textos narrativos científicos; educação

não-formal; compreensão de texto; características dos aprendizes; acção humana; percepções sobre

aprendizagem de ciência; ciência e pessoas
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Abstract

Science is pervasive, and everyone can benefit from learning it. Yet, it is also challenging, for reasons

stemming from a gap between everyday and scientific thinking modes. The present work endorses

the proposal of foregrounding the literacy component of science education, by thoroughly examining

the impact of narrative texts as literacy-mediated science learning tools. We proposed a dialogue

between multidisciplinary theoretical frameworks and identified two complementary questions for

tackling the issue of learning from science narrative texts, pertaining, firstly, to learning outcomes

and, secondly, to the conditions and processes generating them (Chapter 2). We developed learning

materials  to investigate these questions (Chapter 3).  Regarding learning outcomes, a behavioural

study and a combined behavioural and eye tracking study (Chapters 4 and 5) showed that young

adults with low prior science knowledge learn from science narrative texts at various comprehension

levels. The former study showed that this learning can be superior or equivalent to the one yielded

by expository texts, depending on the science topic. Regarding learning conditions and processes, the

same studies showed that a set of learner features jointly contribute to this learning. The latter study

further showed that attention to and thoughts on human action make independent contributions to

learning (Chapter 5). Finally, a qualitative study revealed how narrative texts and museums can help

bridge gaps between people and science (Chapter 6). Overall, results suggest that narrative texts can

be a useful tool for science learning and can bring learners closer to the human facet of science.

Keywords:  science  learning;  narrative  texts;  science  narrative  texts;  non-formal  education;  text

comprehension; learner features; human action; perceptions on science learning; science and people

PsycINFO Codes:

3500 Educational & School Psychology

2343 Learning & Memory

2340 Cognitive Processes
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CHAPTER 1

INTRODUCTION

“I WOULD LIKE TO TRY OUT AN IDEA THAT MAY NOT BE QUITE READY, indeed may not be quite

possible. But I have no doubt it is worth a try. It has to do with the nature of thought and with one of

its uses.  It  has been traditional to treat thought,  so to speak, as an instrument of  reason.  Good

thought is right reason, and its efficacy is measured against the laws of logic or induction. Indeed, in

its most recent computational form, it is a view of thought that has sped some of its enthusiasts to

the belief that all thought is reducible to machine computability. But logical thought is not the only or

even the most ubiquitous mode of thought. For the last several years, I have been looking at another

kind of thought, one that is quite different in form from reasoning: the form of thought that goes into

the construction not of logical or inductive arguments but of stories or narratives.” (Bruner, 1986, p.

1)

Thirty-six  years  have  passed since  Bruner’s  “Actual  Minds,  Possible  Worlds”  was  first  published.

Although we are surrounded by stories,  be it  in  books,  films,  TV series,  or daily  exchanges with

people around us, and that storytelling approaches seem to be booming a bit everywhere, it will still

probably feel weird to equate narration and learning the formal and natural sciences (henceforth,

science), such as mathematics or chemistry. In fact, learning science might feel weird in and of itself,

even  though,  similarly  to  narratives,  science  permeates  a  myriad  of  aspects  of  our  lives:  From

informally commenting on why we should refrain from picking certain mushrooms, to deciding if we

believe the earth to be round, to performing heart surgeries, to building sophisticated devices to

explore the cosmos, and, ultimately, making decisions that allow us to deal with a global pandemic.

As such, acquiring some level of scientific knowledge can benefit us and those around us, even if we

do not wish to become scientists ourselves.

The present  work has  the goal  of  examining  the  potentially  symbiotic  relationship  between

science learning and narration. In specific, we aimed at contributing to finding better ways to learn

science by doing a thorough examination of the impact and features of the literacy-mediated tool of

narrative texts. This idea is, by no means, new. Besides Bruner (e.g., 1986), many educators, authors,

and researchers have lauded the features of narratives, such as its familiar structure, ability to evoke

emotions, and overall proclivity to human exterior affairs and inner workings (e.g., Abd-El-Khalick,

1



1999; Egan, 1997; Graesser & Ottati, 1995; Strube, 1994). Paired with empirical evidence of narrative

texts’  comprehension  and  retention  benefits  (e.g.,  Britton  et  al.,  1983;  Kintsch  &  Young,  1984;

Mandler  & Johnson,  1977),  these idea  inspired the idea  of  a  narrative  effect,  thus  encouraging

researchers and educators to use them to teach science contents. Yet, there is still much about the

use of science narrative texts in science education which we do not know.

In  theoretical  terms,  a  solid  framework seems to be missing,  or,  more precisely,  a  dialogue

between frameworks that can guide the design of materials and interventions, and the interpretation

of the obtained results. Whereas many of the authors who used narrative texts to convey science

draw on ideas about what narrative is, as a concept, and what makes up a narrative text (e.g., Arya &

Maul, 2012; Flynn & Hardman, 2019; Prins et al., 2017), we believe this to be not enough for at least

two reasons. First,  narrative texts do not tend to convey science contents, and so some of their

assumed features and benefits might not directly translate to science narrative texts, at least on a

one-to-one basis.  Second, other aspects fundamental for framing and understanding the present

issue are not considered in that approach, such as aspects pertaining to literacy. These include a

more  complete  understanding  of  text  features  (e.g.,  structure  and  content),  cognitive  text

comprehension (levels of comprehension and corresponding processes), and the more encompassing

process of learning by text (the elements that are involved, such as the learner and the context).

Understanding these theoretical underpinnings can, in turn, improve our comprehension of the

empirical learning outcomes that are produced.  Research with science narrative texts has not only

provided mixed results (e.g., Arya & Maul, 2012; Hadzigeorgiou et al., 2012; Jetton, 1994; McQuiggan

et al. 2008;  Negrete & Lartigue, 2010), but has also presented considerable variability in terms of

materials, populations, and learning activities, to name a few. The lack of incorporation of literacy-

related frameworks makes these results even more difficult to interpret. In addition, we believe that

the idea of a general narrative effect, whether explicit or tacit, is misleading from the outset. Besides

being, to a great extent, founded in non-science narratives, by thinking about learning outcomes in

absolute terms, one is more prone to overstate the dimension of the effect when it is found, and to

dismiss important information when it is not found.

To  avoid  this,  it  is  paramount  to  consider  the  complexity  of  the  learning  process,  and  to

investigate  the  conditions  and  processes  leading  to  specific  learning  outcomes.  Whereas  it  is

potentially misleading to assume learning outcomes or processes from the features and workings of

general narratives without testing them, it can nonetheless inspire hypotheses on the processes that

may  be triggered by  science narratives.  Moreover,  many  studies  which did  not  find  a  narrative

learning advantage found that narrative texts nonetheless had a positive impact on other aspects,
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such as feeling immersed in the story (e.g., McQuiggan et al., 2008) or connected to its characters

(Jetton, 1994). Yet, most studies tend to approach these aspects as yet another outcome of reading a

science narrative text, and not as a process underlying the observed learning outcomes.

The present work was rooted on the premise that the multidisciplinarity inherent to the topic at

hands should be acknowledged and embraced; with that in mind, there is still much to learn about a

long-standing  proposal.  The  overarching  aim of  this  dissertation  was  to  build  a  more  complete

picture of the topic of learning science through narrative texts, by focusing on the three dimensions

we  outlined:  theoretical  backbone,  learning  outcomes  and  learning  processes. These  three

dimensions underlie our exploration of one main topic: how narratives can help highlight the human

facet of science, that is, how retrieving human elements of the process of doing and learning science

can contribute to make science more understandable, appealing, and relatable to participants.

The present dissertation was guided by three questions. Our first question was which theoretical

frameworks would be useful to draw from in order to better understand the issue of learning science

from  narrative  texts  (theoretical  backbone).  Our  second  question  was  whether  people,  and

particularly young adults with little prior knowledge, can learn science from narrative texts, and even

learn better from them (learning outcomes).  Finally,  our third question was directed at how the

process of learning science through narrative texts occurs ( learning process). These questions were

examined in four studies, corresponding to five chapters.

Chapter  2 addresses the three research questions.  To address the first  question (theoretical

backbone),  we propose  a dialogue between theoretical  frameworks  coming from text  linguistics,

cognitive psychology, and pedagogy, a combination not frequently encountered in the literature. To

address the second  and third questions, we draw on this theoretical backbone and  ask  if science

narrative texts have consistently produced good memory and learning (learning outcomes), and how

the process of  learning with science narrative texts takes place (learning  process).  The resulting

theoretical proposal and analysis of previous results and ideas can be used to make sense of previous

results, as well as in future conceptualization and designing of interventions.

In Chapter 3, we report how and why we developed a set of materials that would enable us to

investigate  the  second  and  third  questions  (i.e.,  learning  outcomes  and  learning  processes,

respectively). In addition to clarifying methodological aspects from following chapters, the provided

information and guidelines can be used by educators and researchers to build similar materials for

research and educational interventions. Chapters 4 and 5 report our empirical examination of the

second  question  (learning  outcomes);  importantly,  we  focused  on  young  adults,  a  rather

understudied  population  as  regards  learning  through  science  narrative  texts.  In  Chapter  4,  this
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examination involved  comparing  narrative  texts  with  expository  texts  (more  common in  science

instruction) with equivalent contents. Besides giving us a control condition, it further allowed us to

examine key questions in the relevant literature warranting further investigation. The findings thus

contribute to determine not only if young adults can benefit from learning science from narrative

texts,  but  also  the  extent  of  this  benefit,  namely  in  terms  of  different  science  topics,  levels  of

comprehension, and retention intervals.

In Chapter 5,  we delved further into one of  the three facets of  the third question (learning

process), pertaining to the impact on science learning of human-related elements in narrative texts,

and  the  human-related  processes  they  may  trigger.  Besides  helping  characterize  the  processes

engaged when learning from science narrative texts, this thorough investigation of human-related

elements delivers new information, as these aspects have been chiefly investigated using non science

narrative  texts.  This  examination included  an  eye  tracking  analysis,  which  is  a  premiere,  to  our

knowledge.  The resulting information can prove useful  for  future  research and for  educators  to

design science education practices that incorporate these human elements.  Chapters 5 and 4 also

examined the impact on science learning of more general features from the learner. Approaching

learners’ features as processes underlying learning, instead of just outcomes in themselves, enabled

us to address another facet of our third research question (learning process). This facet offers hints of

the kind of more general aspects that can be further examined in connection to learning from science

narrative texts, as well as integrated and stimulated in science education.

Finally, in Chapter 6, a final facet of the third research question was tackled, this time relating to

the perceptions that  people  have on science learning and literacy,  and on the specific  role  that

narrative  texts  might  play  in  this  learning.  Whereas  the  few  previous  studies  investigating

perceptions  on  the  role  of  narrative  texts  in  science  learning  interviewed  school  students  and

teachers, we talked with adults of varying age and contact with science in a non-formal (i.e., non-

school) context. As such, we were able to gather perceptions on the kind of difficulties people feel

during  lifelong  science  learning,  and  how narrative  texts  and  other  non-formal  tools,  such  as

museums,  can  grapple  with  these  challenges.  Importantly,  this  study  was  the  result  of  the

collaboration with a science museum, Museu de História Natural e da Ciência de Lisboa, further

cementing the socially and culturally situated nature of this Chapter and extending the reach of the

present dissertation. In addition, examining such perceptions offers a discursive facet of the process

of learning science through narrative texts that complements the more cognitive facets of the third

research question addressed in Chapters 4 and 5.
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Given the pervasiveness and relevance of science in our society, as well and the challenges to its

learning, the relevance of the findings of the present dissertation becomes evident. Overall, we hope

to produce results that will help finding innovative and more inclusive ways of learning (and doing)

science, which can resonate at different levels: for researchers to interpret previous findings and plan

future research on this topic; for educators to design and explore educational tools and practices;

and for a broader audience to reflect upon the topic of science learning and literacy, especially in

connection  with  their  social  and  cultural  context.  Although  our  main  focus  concerned lifelong

learning and a broader sense of scientific literacy, the findings of the present dissertation may be of

relevance for various learning settings and contexts.

In the following paragraphs, we will introduce the core ideas pertaining to this problematic, so

that the aims and research questions that guided this dissertation, as well as its organising structure,

can  be  more  fully  understood.  The  research  questions  will  be  fully  outlined,  following  the

presentation of the ideas and evidence that sustain them.

1.1. Texts, processing them, and learning from them

At the outset, it is helpful to summarize our view on texts, text processing, and learning from text,

here,  as these concepts form the theoretical  backbone that shapes the remaining concepts  and

theoretical ideas. This theoretical backbone will be more thoroughly presented in Chapter 2.

In line with proposals from text linguistics (e.g., Adam, 1997), we regard texts as being made up

of linguistic features and of pragmatic features, which interact in important ways (e.g., the structure

of a text is in part determined by the purpose and the context in which the text will be shared).

Additionally,  in  accordance  with  cognitive  models  of  text  processing  (e.g.,  Kintsch,  1998),  we

conceive text processing as entailing different levels of representation (e.g., mentally representing

the meaning of each individual sentence on a page is at a different level than being able to extract

the  main  idea  contained  on  that  page),  and  consider  that  these  different  levels  correspond  to

different comprehension levels (e.g., the distinction between recalling explicit information from the

text and being able to interpret and use information from a text).  Finally,  we endorse the view,

posited  by  several  pedagogical  frameworks  (e.g.,  Snow,  2002),  that  learning  from  text  involves

different but interacting elements, namely the reader, the text, the learning activity in which the text

is being read (and, by extension, listened to or written), and the wider sociocultural context of which

these elements are part.
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1.2. Why learning science and scientific literacy are important

Science permeates several aspects of daily life, from simple informal remarks to activities and

decisions that affect everyone around us.  It is therefore concerning that both the appeal and the

performance in science start to fall short during school years, with many students displaying lack of

interest (e.g., Avraamidou & Osborne, 2009; Hazelkorn et al., 2015; Logan & Skamp, 2008) and low

performance levels (e.g., Blotnicky et al., 2018; OECD, 2019).

On the one hand, learning challenges discourage students to pursue studies in scientific fields

and develop a fundamental and specialized scientific literacy (Norris & Phillips, 2003), which they

might otherwise be interested in doing. This corresponds to formal education, a type of education in

which a mandatory curriculum is administered in a systematic and structured way, according to a set

of rules and norms, and performance is graded (Dib, 1988). Besides potential losses for individual

students’  paths,  developing  specialized  scientific  knowledge  is  very  crucial  for  communities  and

society more generally, as it represents a key resource to solve pressing issues and drive innovation

(e.g., Roberts, 2007).

However, regardless of ambitions of specialization and personal interests, it is claimed that the

goal of scientific education should be broader, aiming at the development of a scientific literacy from

which everyone can benefit (Sadler, 2009). This derived sense of literacy (e.g., Norris & Phillips, 2003)

corresponds  to  non-formal  education,  a  kind  of  education  in  which  one  or  more  of  formal

education’s features are absent (Dib, 1988).  Non-formal education can happen at many different

places throughout life and have varying levels of informality, including learning that takes place at

home or in students’ more specific communities, more organised communities of practice or groups,

and institutions such as museums (Bell et al., 2009; Callanan et al., 2011; Lave & Wenger, 1991). In

the present dissertation, we will use the terms “science learning”, “scientific literacy” and “science

education” in a mostly interchangeable way, as we are not concerned with the specificities of these

concepts, but instead with the acquisition and use of scientific knowledge, which can be conveyed by

any of these terms.

Furthermore,  scientific literacy  can be  used  to  inform discussions  and  decisions  on  science-

related matters taking place in the wider sociocultural environment, affecting not only individuals but

also communities and societies at large (e.g., Bruner, 2009; Morais & Kolinsky, 2016; 2021; Solomon

et al., 1992). This becomes especially crucial, and alarming, when we consider that pseudoscientific

beliefs and misconceptions, such as that we only use 10% of our brain (Swami et al., 2012), or that

humankind was created by God less than 10 thousand years ago (Silva et al., 2010), are pervasive
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even among highly schooled people (e.g., Morais & Kolinsky, 2021; Van Prooijen, 2017; Silva et al.,

2010) and are often correlated with anti-scientific attitudes (e.g., Swami et al., 2012; Swami et al.,

2014).  Crucially,  the impact of  such beliefs  is  not limited to public  discussions,  as they can also

influence and shape specialized policymaking, which in turn has the potential of affecting the whole

planet, as we have recently witnessed during the COVID-19 pandemic and continue to witness in

ongoing discussions on climate change (e.g.,  Ball,  2021;  De Pryck & Gemenne,  2017; Marleau &

Girling, 2017). Importantly, given that acquiring and using science knowledge takes place within a

wider social and cultural context, these two dimensions are, to some extent, inextricable.

1.3. Learning science: challenging aspects with literacy overtones

The  reasons  pinpointed  by  educators  and  researchers  for  the  difficulties  experienced  in  science

learning  are  manifold.  The  challenging  aspects  of  learning  science  begin  with  its  own language,

considered by many students to be “the tongue of foreigners, equally exotic” (Montgomery, 1996, p.

9). Scientific language is often dense, technical, and jargon-laden (e.g., Avraamidou & Osborne, 2009;

Snow, 2002),  and some even point out that its  readability  has been decreasing over time, even

among the wider scientific community (Ball, 2017; Plavén-Sigray et al., 2017). A related problem is

that of scientific concepts; not only are they unfamiliar to new learners due to concepts’ level of

abstractness and technical specificity (Best et al., 2005; Graesser et al., 1991), but they can be felt as

counter-intuitive (e.g., evolution, Browning & Hohenstein, 2015; projectile motion, Alvermann et al.,

1995).

Moreover,  scientific  discourse  is  often regarded  as  authoritative  or  dogmatic  (Kloser,  2013;

Negrete & Lartigue, 2004),  as it  frequently frames science  as a monolithic set of unquestionable

conclusions  (e.g.,  Avraamidou  &  Osborne,  2009;  Clough,  2011).  Yet  another  problem,  partially

stemming from the previous  ones,  is  the  human and  cultural  decontextualization that  pervades

science education (e.g., Sánchez Tapia et al., 2018; Solomon, 2002). Science education often fails to

convey the process-like  and cultural-bounded nature  of  science,  with  all  its  failures,  errors,  and

frustrations (Arya & Maul,  2021; Hadzigeorgiou et  al.,  2012; Hong & Lin-Siegler,  2012;  Morais  &

Kolinsky,  2021).  This  lack  of  information  on  the  human and  cultural  side  of  science  creates  an

incomplete and myopic view of science and can be particularly damaging for students whose social

and cultural identities are under-represented in science and society at large, such as those belonging

to marginalized and othered groups (e.g., Jackson et al., 2016; Johnson, 2008; Visintainer, 2020).
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Corollaries  of  these  problems  include  widespread  misconceptions  regarding  the  nature  and

workings of science and the characteristics of scientists (e.g., Clough, 2011; Matthews 1994), as well

as perceptions of narrowness of science as an educational experience (e.g., Rowe et al., 2015; Tobias,

1990). In fact, it has been reported that students tend to give up on pursuing science earlier than

other fields perceived to be more interdisciplinary (Avraamidou & Osborne, 2009; Tobias, 1990), and

even  students  who  end  up  pursuing  more  specialized  science-related  paths  continue  to  face

challenges in higher educational levels (e.g., Frisch, 2010; Jackson et al., 2016; Johnson, 2008).

Despite their diversity and range of application, the main outlined challenges easily and acutely

apply  to text  materials.  It  is  pressing to take a closer look at  text  materials  because they are  a

widespread and well-established source of scientific information. Texts have been the cornerstone of

formal science education (Kloser, 2013; Snow, 2010; Van den Broek, 2010); learning is still mostly

based on successful  text  comprehension (e.g.,  Mason et  al.,  2013),  which has been found to be

correlated with academic achievement (e.g., Cromley et al., 2010). Additionally, to literate people,

texts continue to be a resource for acquiring new facts and knowledge on science throughout their

lives, and still have a pivotal role to play in an increasingly digitalized world in mediums such as posts

in social media and blogs, newspapers and magazines (digital or not), and even museum plates (e.g.,

Negretti, 2022; Ravelli, 2007; Sullivan et al., 2021).

This  role  is  further  cemented  by  claims  for  a  greater  integration  of  language  and  literacy

processes (i.e., reading and writing) when addressing science education (e.g., Klein, 2006; Morais &

Kolinsky, 2016; Norris & Phillips, 2003). As already noted elsewhere (Arya & Maul, 2021; Morais &

Kolinsky, 2016), an illustrative example is the fact that the eminent journal Science dedicated a whole

special issue to the importance of strengthening the ties between science and literacy (e.g., Snow,

2010; Webb, 2010). Under this view, literacy (i.e., reading and writing) processes are therefore not

merely instrumental to science, but instead “constitutive parts of science” (Norris & Phillips, 2003, p.

226, our emphasis). Indeed, literacy plays a fundamental role in cognition, as attested by its well-

established impact on thinking, reasoning, and a series of other widespread processes (e.g., Kolinsky,

2015; J.  Morais, 2015; Morais & Kolinsky, 2021).  However,  this strong impact is often made less

apparent, or even heavily overshadowed, by the fact that we can only appreciate it through “literate

glasses”  (Kolinsky  & Morais,  2018,  p.  322),  as  the ways in  which we get  information,  think  and

communicate are themselves under the influence of literacy.

Furthermore, this focus on literacy has also the potential of retrieving social and cultural 

dimensions of this processing, beyond cognitive processes. This is crucial, as the impact of literacy 

(scientific and of other kinds) on cognition is not confined to our individual brains, but extends to 
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several dimensions of our life, notably to social, economic, and political ones (J. Morais, 2015; Morais

& Kolinsky, 2021).

The  literacy  component  of  science  education is  thus  an  essential  avenue  of  research  when

addressing difficulties in science learning and devising better learning strategies and tools. Moreover,

and importantly, the outlined problems seemingly denounce the existence of a sort of gap between

science concepts and literacy-mediated tools and processes, as science texts, at least to some extent,

fall  short of connecting learners to science. Having said that, this is not the only gap relevant to

examine to understand the challenging aspects pertaining to science learning.

1.4. “If everyone understands how to think in stories…”

1.4.1. A gap between thinking modes: science made of stories

The  challenges  to  science  learning  that  we  have  outlined  can  also  be  traced  to  a  fundamental

difference between everyday and scientific modes of thinking (e.g., Bruner, 1986, Egan, 1997; Klein,

2006; Phillips & Norris, 2009). Much like science texts, cognition was first thought of as consisting of

logically manipulated propositions expressed literally through language (e.g., Klein, 2006). However,

it  went  on  to  be  acknowledged  by  second-generation  cognitive  scientists  as  being  perceptually

based, fuzzy, and contextual, being expressed primarily through metaphoric and narrative language

(e.g., Klein, 2006). This later conception of cognition is much more in tune with the notion that our

most common and familiar way of thinking is not logically based nor analytically bounded.

Bruner (1986) was one of the main proponents of this notion, positing that people learn to think

and make sense of the world through human intentions, reasons, actions, and agents, that is, using a

narrative mode of thought. He contrasted this mode with a paradigmatic or logico-scientific mode, by

which people learn to interpret the world through general causes, proofs, and theories. The latter is

developed later, particularly through formal instruction, and, most people do not get to effectively

think in that mode (Bruner, 1990). In a related vein, Egan (1997) proposed that children begin to

think in terms of  storytelling and fantasy,  dubbed mythic  understanding, followed by a focus on

heroic but possible people and events, also known as romantic understanding; only later can they

master conceptual or philosophical understanding.

This idea of a gap between modes of thinking helps clarify why scientific language and ideas

seem so removed and distant from everyday life. Everyday life communication is generally made up
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of relatively simple terms, referring to familiar concepts and objects. Therefore, an “anthropocentric-

leaning” thinking mode, that is a thinking mode based on reasoning and actions which are highly

familiar are centred around people’s actions and intentions, can arguably make it difficult to grasp

the  abstractness  and  formality  of  scientific  logic  and  ideas,  rendering  them  inaccessible  and

incomprehensible, at times even seemingly irrelevant. Thus, although both narratives and science are

pervasive in daily life, the first is part of a thinking mode which is highly familiar and meaningful for

us, whereas the second is part of a thinking mode that is for the most part alien and hard to grasp,

even though we make extensive use of the outputs of such thinking.

It would thus seem like the scientific and the narrative thinking mode are diametrically opposed

and difficult to reconcile. But is this really the case? Or does science have narrative threads in its

fabric?

Although science and narrative thinking modes seem to be at odds, many authors argue that the

nature and practice of science have solid narrative roots.  Many scientific hypotheses started out as

stories  or  myths  (Hadzigeorgiou  & Schulz,  2019;  Popper 1972),  and theories  rely  on metaphors,

analogies,  and  interpretive  frameworks  (e.g.,  Bruner,  1996;  Fuchs,  2015).  Additionally,  scientists

often engage in storytelling (Hadzigeorgiou, 2016; Leipzig, 2018) and, much like narratives, science is

an unfolding process centred on human endeavour (Bruner, 1996; Larison, 2018), where protagonists

execute sequences of events with a purpose and interpret its consequences (e.g., Hoffman, 2014;

Strube, 1994). The very structure of scientific articles (and of dissertations, for that matter) bears

resemblance to the temporal unfolding characteristic of narratives (i.e., beginning, middle and end;

Leipzig, 2018; Olson, 2015). Furthermore, and significantly, many authors contend that science and

more artistic and aesthetic engagements are wrongly divorced, as they not only complement but also

feed each other, to create more versatile and complete ways of thinking and acting (Bruner, 1996;

Egan, 2005; Hadzigeorgiou, 2016; Morais & Kolinsky, 2021).

These different claims suggest that science and narrative thinking modes and practices share

fundamental traits. Narratives centre on human action and science has human action at its centre;

narratives and science therefore share a fundamental humanness. As we are interested in the role of

texts, a literacy-mediated tool combining science and narrative features, such as narrative texts, may

bring  out  the  complementary  aspects  of  narrative  and  science  to  bridge  the  everyday  and  the

scientific thinking modes.

Consequently,  it  becomes necessary  to  better  understand why  authors  like  Bruner  consider

narratives to hold such a special place in human cognition, and what is important to learn about

10



them. As we build a case for this tool, we will identify the areas in need of further conceptualization

and investigation and present the research questions we asked to address them.

1.4.2. Stories made of science: narratives to bridge the gap

Klein (2006) contented that the gap between science and everyday thinking modes should be bridged

by innovative science education practices. Concomitantly, it has been remarked that “If everyone

understands how to think in stories, then why not use stories as a way into other modes of thought?”

(Gilbert  et  al.,  2005,  p.  3).  One innovative tool  fitting the claims for  a  greater  focus  on literacy

processes in science education practices, and complementary to scientific thinking, is thus narrative

textual  materials,  as  has  been  advocated  by  several  educators  (e.g.,  Bruner,  1991;  Egan,  2005;

Solomon et al., 1992). Narrative texts are therefore proposed to establish a much-needed literacy-

mediated bridge between the everyday and scientific modes of  thinking, an idea represented in

Figure  1.1.  Although  we  are  particularly  interested  in  textual  materials,  we  will  also  mention

narrative’s presence in other mediums, as to better characterize the pervasiveness of narration in

daily life.

Figure 1.1. Narrative texts as a literacy-mediated bridge between everyday and scientific thinking

modes

Narration is generally understood as a sequence of temporally organized actions or events (e.g.,

Adam, 2011; Norris et al., 2005; Strube, 1994), and is considered to have a privileged status in human

cognition (Bruner, 1990; Graesser & Ottati, 1995) for several reasons. Believed to have emerged early
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in human history (e.g., Donald, 2001), (oral) narration is integral to every culture (e.g., Fisher, 1987;

Gottschall,  2013),  rendering narrative communication ancient and embedded in evolutionary and

cultural significance (e.g., Boyd, 2009; Campbell, 1949; Gazzaniga, 2008; Gottschall, 2013; Sibierska,

2016). The close correspondence between narrative structure and the way the human mind orders

experience is also frequently mentioned (Fisher, 1987; Graesser et al., 2002), and there is evidence

that people build temporally organized representations from a text even in the absence of such a

structure (Claus & Kelter, 2006). This proclivity to the narrative structure seems to begin early on in

life,  as  indicated  by  newborns’  auditory  cortex  sensitivity  to  the  temporal  structure  of  sounds

(Telkemeyer et al., 2009); the pervasiveness of the narrative structure goes on throughout the rest of

our lives, starting with bedtime stories and cartoons, and carrying on with books, movies, songs,

theatre,  among  many  other  cultural  artefacts  and  activities  (Schank & Berman,  2002).  It  should

therefore come as unsurprising that narrative’s ubiquity is also reflected in the way the human brain

processes narrative texts,  namely by the engagement of a  wide network extending way beyond

language processing areas (e.g., Mano et al. 2009; Mar, 2004; Mason & Just, 2009; Xu et al., 2005;

Young  &  Saver,  2001).  These  additional  areas include  emotional  processing,  mental  imagery,

executive processing (i.e., set of processes necessary for goal-directed behaviour, Diamond, 2013),

and theory of mind (i.e., the ability to infer mental states in oneself and in others, Baron-Cohen et al.,

1985).

Even  though science narrative texts have been used as science learning tools, the total set of

studies is somewhat limited (Prins et al., 2017) and there is a great deal of variability among the

existing ones. As such, there is still much we do not currently know, or that at least would benefit

from further conceptual framing and direct investigation.

A first question pertains to the theoretical underpinnings of narrative texts as science education

tools. As far as theory goes, it is possible to find shared ideas, generally stemming from the basic idea

previously outlined: Science learning presents challenges and narrative texts can be a way to tackle

some of those challenges. Some authors emphasize narrative’s familiarity (e.g., Cervetti et al., 2009;

Flynn & Hardman, 2019; Morais et al., 2019; Prins et al., 2017), and ability to bring learners closer to

real-life situations (Alvermann et al., 1995; Frisch, 2010; Maria & Johnson, 1989; Mutonyi, 2016).

Other authors focus on the benefits that the imaginative (Browning & Hohenstein, 2015; Corni et al.,

2010; Hadzigeorgiou et al., 2012; Negrete & Lartigue, 2010) and/or affective (Banister & Ryan, 2001;

Browning & Hohenstein, 2015; Negrete & Lartigue, 2010; Prins et al., 2017) features of narrative may

yield. Others still highlight the human and/or historical component of narrative-based materials (Arya

& Maul, 2021; Hadzigeorgiou et al., 2012; Hong & Lin-Siegler, 2012; Klassen, 2007). Given that the
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process of learning science through narrative texts touches upon several aspects, we believe that

ideas on narrative as a concept, as the ones described, would benefit from being integrated in a

background framework, or set of frameworks, touching on those elements.

Regarding the  narrative texts to be used with the purpose of science learning, some authors

focused on proposing a set of defining narrative features to be considered when doing studies using

science narrative texts (Avraamidou & Osborne, 2009; Norris et al., 2005; Prins et al., 2017; Wilcken,

2008). In addition, a few authors incorporated cognitive frameworks of text processing and/or levels

of comprehension (Arya & Maul, 2012; Negrete & Lartigue, 2010; Wolfe & Mienko, 2007; Wolfe &

Woodwyk, 2010). Still others have applied constructivist, student-centred, pedagogical notions (e.g.,

Akarsu et al., 2015; Klassen, 2007; Kokkotas et al., 2010; Morais et al., 2019), highlighting the affinity

between narrative-based materials and innovative learning practices (Klein, 2006).

While by no means exhaustive, this selection of examples illustrates the conceptual diversity

that permeates this  literature, and that authors tend to endorse more than one idea.  However,

overall, there seems to be a lack of dialogue between theoretical frameworks that focus on different

aspects of the process of learning science through narrative texts, having texts and literacy processes

at its core. Such a dialogue could, in turned, be used to shape theoretical ideas on the impact of

specific narrative features on specific comprehension outcomes, and to better accommodate and

interpret any resulting empirical results.

This set of ideas led us to our first, theoretically motivated, research question (RQ):

RQ 1: Better understanding the issue of learning science from narrative texts from a literacy

point of view: Which theoretical frameworks would be useful?

A second question pertains to the memory and learning benefits afforded by narrative texts. As

a matter of fact, narrative texts have been considered to make ideas more coherent, meaningful and

memorable (Kintsch, 1998; Schank & Berman, 2002; Strube, 1994). Because creating stories in our

minds  is  a  fundamental  means  of  meaning-making,  it  is  considered  to  “pervade  all  aspects  of

learning” (Wells, 1986, p.214), and stories are considered to be inherently didactic (Schank, 2002).

These claims  have been to some extent  corroborated by  evidence that  participants  more easily

understood and recalled information from narrative texts, as compared with expository texts (e.g.,

Britton et al., 1983; Graesser et al., 1980; Kintsch & Young, 1984; Mandler & Johnson, 1977; Zabrucky

& Moore, 1999). For instance, Britton et al. (1983) showed that the performance of a secondary task,

simultaneously while reading a text, was more affected when participants were reading narrative
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texts  than  when  they  were  reading  expository  texts.  However,  despite  this  interference,

comprehension results were higher for narrative texts. The authors interpreted this as evidence that

narrative texts “fill more cognitive capacity”, producing more meaning and yielding a more complete

comprehension.  Narrative’s  enhanced  memorability  is  also  described,  with  authors  arguing  that

narrative  texts  provide  an  organising  structure  for  knowledge  to  be  more  effectively  built  and

recalled (e.g., Bruner, 1986; Kintsch, 1998; Mandler, 1984).

However, these comparisons between the comprehension and memory effects of narrative texts

and expository texts are problematic for  the question at  hands, as these narrative texts  did not

convey science contents, but instead daily, and way more familiar, topics. This is crucial, and calls

attention to the fact that different text structures or text types, such as narrative texts and expository

texts, tend to be associated to specific contents and have different purposes. These differences are

rooted in and shaped by wider discursive and sociocultural practices and influence the way texts are

perceived and processed (e.g., Adam, 1997; Kintsch, 1998; Snow, 2002). Unlike narrative texts, which

follow a temporal structure, in expository texts contents are usually structured according to concepts

and their relations (Meyer, 1975). Being the most commonly used text in science education (e.g.,

Avraamidou & Osborne, 2009), expository texts have gained the reputation of being  abstract and

difficult (Best et al., 2005; Graesser et al., 1991). Narrative texts, on the other hand, are not usually

the chosen type of text when the goal is to instruct students on science contents. Although there are

some  exceptions,  narratives  tend  to  have  broader  or  complementing  goals,  such  as  providing

historical  context  or  details  on  the  scientific  process  (e.g.,  discovery  narratives,  Curie,  1904),

communicating science to a wider and non-specialized audience (e.g., popular science books, e.g.,

Brown, 2003), or entertaining readers (e.g., science fiction, Dnieprov, 1969; short stories, Levi, 1985).

The notion of a memory, learning, and interest advantage for narrative materials, is sometimes

termed the narrative effect (e.g., Norris et al., 2005). It was thus important to ascertain what kind of

learning  outcomes can  be  generated  by  science  narrative  texts,  and  whether  they  point  to  a

generalized narrative effect. For instance, previous studies on science narrative texts have observed

different results in different conditions, depending for instance on the text’s topic (e.g., Arya & Maul,

2012),  the  assessment  measure  (e.g.,  Hong  &  Lin-Siegler,  2012),  the  delay  of  assessment  (e.g.,

Negrete & Lartigue, 2010),  and the participants’ level of prior knowledge (e.g., Wolfe & Mienko,

2007). Given the variability of the reported results, and of the studies themselves (in terms of e.g.,

paradigm; population and/or materials), it is unclear whether narrative texts are particularly suited

for specific science topics, retention intervals (e.g., immediate vs. delayed, e.g., Negrete & Lartigue,

2010), levels of comprehension (e.g., recall vs application of learned ideas, e.g., Arya & Maul, 2012),
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as measured by different assessment measures. Importantly, due to the strong association between

narrative materials and children, particularly in learning contexts (Sanacore, 1991), young adults are

an understudied population in what concerns the use of narrative texts for science learning (for

exceptions,  see Negrete & Lartigue, 2010;  Wolfe & Mienko,  2007; Wolfe & Woodwyk, 2010).  In

addition, the impact of text types on learning can be better ascertained among participants with low

levels of prior knowledge on the texts’ topics (e.g., Prins et al., 2017).

Drawing on the selected theoretical frameworks, our second research question addressed these

various aspects:

RQ 2:  Can people, in particular young adults with little prior science knowledge, learn science

from narrative texts at  different levels  of  comprehension, and even better than from expository

texts? 

This second question has both empirical  and theoretical implications: If,  on the one hand, it

concerned empirical evidence on learning outcomes, it could further contribute to determine the

extent of the conceptual proposal of a generalized narrative effect. It also partially echoes one of the

questions that the educators Norris and colleagues (2005, p. 559) suggested to guide future research,

“What are the implications of any narrative effect for teaching science?”

A final  question concerns  the  process  of  learning  science through narrative texts.  Our third

research question was directed at this matter, again drawing on the selected theoretical frameworks:

RQ 3: How does the process of learning science through narrative texts occur?

Importantly, the question touching on the process of learning science through narrative texts

was threefold. A first, and more specific, facet of this learning process comes in the form of human-

related elements and the processes they trigger. This question is key, as many of the claimed benefits

of narrative learning materials are based on the idea that narrative texts more aptly r etrieve the

human side of science, as they centre on human action and are socially and culturally rooted. It is for

instance argued that science narrative texts can offer enhanced contextualization, as they can more

easily connect science contents with learners’ own experiences and daily situations (Murmann and

Avraamidou, 2014; Mutonyi, 2016), or with scientists’ actions and feelings and the wider context in

which science contents are developed (e.g., Arya & Maul, 2021; Clough, 2011; Kubli, 2005).  On the

one hand, the incorporation of such elements can be particularly useful to show that science is an
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ever-changing  and  culturally-charged  process  made  by  people,  who  struggle  to  establish  the

currently  best  perception  of  truth  amidst  setbacks  and  uncertainty  (e.g.,  Abd-El-Khalick,  1999;

Bruner,  1996;  Hong  and  Lin-Siegler,  2012).  Encouraging  a  more  human and  social  frame of  the

scientific process  can humanise  scientific meaning (e.g.,  Egan,  1997;  Hadzigeorgiou et  al.,  2012),

providing a more accurate image of science (e.g., Arya & Maul, 2021; Clough, 2011; Kubli, 2005) that

contributes to diminish science’s  authoritative voice (Arya & Maul,  2021; Kloser,  2013; Mutonyi,

2016).

Furthermore, it can reveal a fundamental humanness in science, capturing reader’s attention

and interest through the inclusion of human affairs, emotions, thoughts, hopes, frustrations, among

others  (e.g.,  Arya  &  Maul,  2012;  Hadzigeorgiou  et  al.,  2012;  Hong  &  Lin-Siegler,  2012),  making

scientists more relatable in learners’ eyes (e.g., Hadzigeorgiou et al., 2012; Hong & Lin-Siegler, 2012;

Klassen, 2006), and ultimately making science more inclusive (Arya & Maul, 2021; Gilbert et al., 2005;

Mutonyi,  2016).  There  is  indeed  evidence,  mostly  qualitative,  that  science  narrative  texts  can

encourage learners to make connections between science contents and human-related information

(e.g., Arya & Maul, 2021; Hadzigeorgiou et al.,  2012; Lin-Siegler et al.,  2016),  to see scientists as

struggling  and  hard-working  individuals  and  feel  connected  to  them  (e.g.,  Arya  &  Maul,  2021;

Hadzigeorgiou et al., 2012; Lin-Siegler et al., 2016), and even to adopt the narrative character’s point

of view (Jetton, 1994; Murmann & Avraamidou, 2014). Still,  this aspect has not been closely and

more directly investigated. Importantly, although studies with non-science narrative have showed

that  narrative  texts  can  engage  a range  of  socio-cognitive  abilities  such  as  the  ones  described

previously (e.g.,  perspective thinking; theory of  mind) these remain practically  unexplored in the

context of science narrative texts.

These aspects can easily be related to a consistent body of literature that has investigated how

reading non-science narratives texts can impact a series of affective and socio-cognitive processes.

Indeed, a fundamental characteristic of narrative is their power to evoke powerful emotions and

simulate  social  processes.  Emotional  involvement  is  a  fundamental  part  of  the narrative reading

experience (e.g., Bruner, 1986; Egan, 2005; Oatley, 2016), and becoming part of narrative worlds can

help readers simulate the complexities of the social world through a range of socio-cognitive abilities

and gain a deeper understanding of themselves and others  (e.g., Djikic et al., 2013; Oatley, 2016),

potentially  even  improving  those  abilities.  Examples  of  such  abilities  include  theory  of  mind,

perspective-taking (i.e., the capacity to recognize, and potentially adopt, another person's point of

view, Baron-Cohen, 2001), and empathy (i.e., the ability to understand or feel what someone else is

experiencing  from  their  frame  of  reference;  Bellet  &  Maloney,  1991).  Previous  studies  have
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established connections between these abilities and reading narrative texts (e.g., Kidd & Castano,

2016;  Mar  et  al.,  2006;  Mar  &  Oatley,  2008).  However,  as  these  texts  did  not  convey  science

contents,  and thus did not have the aim of instructing people on such matters, it  remains to be

ascertained whether these processes are also engaged when reading science-conveying narrative

texts, and whether this engagement impacts science learning.

These concerns can be related to another of the suggested research questions from Norris et al.

(2005, p. 559),  namely “What features of narrative prove through empirical research to be most

crucial, and how do they operate?”. Accordingly, the following, more specific, research question was

formulated:

RQ 3a: How does the processing of human-related elements in science narrative texts impact

science learning, at different levels of comprehension, and which kind of processes does it engage?

In addition, little is known about the more general processes contributing to the science learning

outcomes generated by narrative texts.  Whereas assuming learning outcomes and engagement of

specific  processes  based  on  previous  studies  that  used  non-science  narrative  is  potentially

misleading,  such  literature  can  offer  important  hints  and  inspire  hypotheses,  that  should,

nonetheless,  be directly  investigated and tested.  At  the outset,  many authors claim that science

narrative texts can catch learners’ interest more easily than expository texts (e.g., Arya & Maul, 2012;

Hong & Lin-Siegler,  2012),  and have a more accessible and familiar language and structure (e.g.,

Avraamidou & Osborne, 2009; Browning & Hohenstein, 2015).  Most studies have focused on how

narrative-based materials or interventions can impact specific aspects, such as enhanced interest

(e.g., Ritchie et al., 2011), attention (e.g., Hadzigeorgiou et al., 2012), proactivity during the learning

process (e.g., Akarsu et al., 2015), or make use of previous knowledge (e.g., Wolfe & Mienko, 2007).

Yet,  few  studies  directly  investigated  how  these  aspects  contributed  to  the  observed  learning

outcomes. For instance, Reuer (2012) found a positive correlation between interest in the narrative

texts  and  the  outcomes  they  produced,  and  Wolfe  and  Mienko  (2007)  observed  that  less

knowledgeable students (i.e.,  with lower levels  of prior science knowledge) benefited more from

narrative texts that  more knowledgeable  ones.  Yet,  the latter authors  did not find a correlation

between  working  memory  capacity  and  learning  scores.  Crucially,  the  impact  of  literacy-related

aspects,  such as reading habits  and experience,  has scarcely been investigated in the context of

learning science through narrative texts, even though it is quite common in studies using non-science

narrative texts (e.g., Kidd & Castano, 2016; Mar et al., 2006).
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The following question addressed the potential impact of these more general processes when

learning from science narrative texts:

RQ 3b: What kind of learner features impact the process of learning science through narrative

texts?

Lastly, and as a complement to the quantifiable cognitive measures of features and processes

impacting learning, it is relevant to know more about the perceptions that people have on the use of

narrative texts in science education. Interviews with students and teachers have shed some light on

the perceptions these actors hold on the use of narrative texts as science learning tools, both positive

(e.g., is enjoyable, Ritchie et al. 2011; aids in recall, Murmann & Avraamidou, 2014) and negative

(e.g.,  not  appropriate  for  learning  and hard to  tell  between fact  and fiction,  Prins  et  al.,  2017).

However, there is still much to learn about this issue outside the classroom. Given the pivotal and

socially rooted role of lifelong science learning, recently illustrated by the COVID-19 pandemic and by

ongoing debates around climate change,  public  perceptions of  science have become increasingly

significant (e.g., Abdool Karim, 2022; A. Costa, 2021; Yang et al., 2020). In this context, non-formal

learning  settings,  such  as  museums,  become  key  places  for  communicating  science  to  broader

audiences and providing them with opportunities for science learning, where innovative pedagogical

practices, such as narrative-based ones, can be more easily applied (Callanan et al., 2011; Murmann

& Avraamidou, 2014). Examining the perceptions elicited by non-formal tools, such as narrative texts

and museums, can therefore bring vital information, and can even be seen as an additional way of

retrieving the humanness of the scientific learning process.

This confluence of ideas led to our final research question:

RQ 3c: What are people’s perceptions on science learning and literacy, particularly on the role

played by narrative texts and museums?

In conclusion, we expected that the overall findings resulting from the three outlined research

questions,  concerning  a literacy-based theoretical  backbone,  learning outcomes and the learning

process, could provide a multidimensional lens and prove relevant for conceptualization, designing

research and educational interventions, interpreting results, and better understanding the process of

learning through science narrative texts.
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1.5. Overview of the dissertation

The  present  dissertation  is  organized  in  seven  chapters  (see  Figure  1.2.  for  a  synthesis  of  its

structure). In Chapter 1, which corresponds to the present chapter, we introduced the problem and

the main concepts and ideas that support our research questions and aims. Namely, we outlined the

problematic  of  science  learning  and  the  challenges  that  come  with  it,  how  it  connects  to  the

perception of a gap between everyday and scientific thinking, and why narrative texts can be a tool

to bridge this gap and improve science learning. An overview of the structure of the dissertation is

also offered.

In  Chapter 2  we conducted a theoretical review with two overarching aims. The first was to

provide  a  theoretically-grounded mapping that  drew on complementary  theoretical  frameworks,

namely from text linguistics, cognitive psychology and pedagogy. The second aim was divided in two

complementary questions which mirror the second and third research questions of the dissertation.

First, we were interested in examining if  there was evidence that narrative texts have consistently

benefited  retention and  learning  from science  at  different  levels  of  education,  by  selecting  and

examining a set of previous studies. Second, we sought to analyse how those educational outcomes

might  occur,  namely  the  conditions  and  underlying  mechanisms  of  the  learning  process,  by

establishing connections with a broader literature.

In  Chapter 3 we detail  how we developed a set of science texts and corresponding learning

items. Namely, we conducted a set of pretests to develop the science educational materials that

would  be  used  in  following  empirical  studies  to  answer  the  research  questions  of  the  present

dissertation. We aimed at combining the insights from theoretical frameworks described in Chapter 2

with  those  from  coming  from  a  range  of  linguistics  and  science  experts,  ongoing  findings,  and

participants’ feedback. Besides building texts of different text types (i.e., narrative and expository)

and comparing their impact on learning, we also sought to build texts on different science topics, as

this allowed us to further examine the extent of a potential narrative effect in science learning. We

expected  to  build  at  least  two  pairs  of  texts  from  two  science  topics,  controlled  in  a  set  of

parameters, and corresponding learning measures.

In  Chapter 4  we conducted the first main empirical study of the dissertation. We investigated

whether young adults with little prior knowledge could learn science from narrative texts, particularly

when compared with expository texts with equivalent contents. We examined the impact of math

and  chemistry  narrative  texts  and  expository  texts  at  four  different  levels  of  comprehension,

requiring different levels of elaboration, and two retention delays. We also evaluated the impact of a
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set of learners’ features on this learning, to uncover more about the learning process, namely on

what was common to both text types and what was specific to narrative texts. These features were

learners’ contact with literacy, science background, and evaluative and motivational attitudes. We

expected  an  advantage  for  at  least  one  of  the  narrative  texts,  particularly  at  more  elaborate

comprehension  levels  and  on  delayed  measures,  as  well  as  a  positive  impact  of  the  examined

learners’ features.

In Chapter 5, akin to Chapter 4, we analysed the science learning outcomes of young adults with

little prior knowledge, as well as the same set of learners’ features. However, this time we focused

on narrative texts and on the impact of human-related elements on science learning. We recorded

participants’ eye movements while they read the science narrative text, to examine how regions

depicting specific kinds of human actions were processed. We expected that dedicating attention to

these human-related regions would impact science learning. Moreover, we also applied a set of tasks

evaluating both the extent to which reading the narrative text prompted human-related thoughts, as

well as a more general socio-cognitive ability. We expected to observe inter-individual variability on

thoughts on human action, and that these thoughts impacted science learning to some extent.

In  Chapter 6 we aimed at building a more global picture of what science learning means to

people, and particularly on the role that narrative texts and museums may play in this learning. We

examined the perceptions of a group of people with different levels of contact with science, who

participated in an online non-formal learning experience. The learning experience was developed as

a science museum activity, and included reading science texts and taking part in a science learning

activity facilitated by a museum science educator. The learning activity was followed by focus group

discussions on the topic of science learning and literacy, and the role of specific tools.

Lastly,  Chapter  7  presents  a  summary  of  the main  empirical  findings,  and  discusses  their

theoretical and applied contributions, particularly regarding the question of whether narrative texts

can be a useful tool for tackling challenging aspects of science learning and improving that same

learning, taking into consideration theoretical frameworks, learning outcomes, and learning process.

The general limitations of the present work are also discussed, and suggestions for future research

are given. The chapter ends with concluding remarks.
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Figure 1.2. Synthesis of the structure of the dissertation. Overview of the problem, research
questions, aims, and chapters
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CHAPTER 2

Narrating Science: Can It Benefit Science Learning, and How? 

A Theoretical Review

This  chapter  is  based on the manuscript:  Soares,  S.,  Gonçalves,  M.,  Jerónimo,  R.,  & Kolinsky,  R.

(2022).  Narrating  Science:  Can  It  Benefit  Science  Learning,  and  How?  A  Theoretical  Review

[Manuscript accepted for publication with pending minor revisions],  Journal of Research in Science

Teaching

2.1. Abstract

Narrative texts have been advocated as tools to tackle science learning challenges, and there is even

the proposal  of  a “narrative effect” on learning.  We believe it  is  necessary to examine previous

evidence on this effect, as well as to characterize the process of learning through science narrative

texts  more  broadly.  In  this  paper,  we  offer  a  theoretical  review drawing  on  three  frameworks,

namely on pedagogical aspects of text learning, linguistic features of texts, and cognitive aspects of

text comprehension. Based on that, we analyzed two complementary questions. First, we reviewed

36 studies to ask if science narrative texts can benefit learning and memory outcomes at different

educational levels (i.e., the “If” question). We found encouraging evidence for the use of science

narrative texts at various educational levels,  especially in delayed assessments and longer-lasting

interventions. Second, we gathered and linked ideas, hints,  and evidence on how the process of

learning with science narrative texts takes place, namely on conditions and underlying processes (i.e.,

the  “How” question).  There  are  many features  from conditions  (texts,  learners,  activities,  wider

context) and underlying processes (integration with prior knowledge, affective dispositions, cognitive

abilities) that can help to account for variability in outcomes; yet ideas and evidence are not always

tightly connected. We suggest that education and research should focus on specific narrative effects,

that specify with what (texts), with whom (learners), when and where (activities and wider context)

these effects occur, as well as the “why” (underlying processes). We believe the proposed framing

can help both make sense of previous evidence and inform future educational practices and research

and provide some recommendations in this regard.
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2.2. Introduction
"The universe is made of stories, not of atoms"

(Rukeyser, 1968, p. 111)

Many authors contend that the challenges of science learning should be addressed by improving

language and literacy processes (e.g., Morais & Kolinsky, 2016; Klein, 2006; Norris & Phillips, 2003;

Webb, 2010). At the same time, these challenges are thought to stem from a fundamental difference

between everyday and scientific modes of thinking (e.g., Bruner, 1986, Egan, 1997; Phillips & Norris,

2009).  For the latter reason, narrative texts, which are generally viewed as temporally organized

actions or  events (e.g.,  Adam, 2011;  Norris  et  al.,  2005;  Strube,  1994),  have been advocated as

effective tools to tackle the challenges of science learning, which is commonly based on expository

texts (e.g., Arya & Maul, 2021; Olson, 2015; Solomon et al., 1992).

The idea that narrative materials can improve the understanding and retention of information is

sometimes termed the narrative effect (e.g., Norris et al., 2005). Yet, it comes from theoretical (e.g.,

Bruner, 1986) and empirical (Graesser et al., 1980; Kintsch & Young, 1984; Zabrucky & Moore, 1999)

works based on non-science narrative texts. It is therefore relevant to ascertain if narrative materials

actually consistently benefit science learning.

Additionally,  learning  occurs  through  the  combination  of  different  elements  (Snow,  2002).

Namely, texts have specific features (e.g., Adam, 1997) and are cognitively processed by readers in

specific ways during learning activities (e.g., Kintsch, 1998), all these aspects interacting within and

with a wider context (e.g., Adam, 1997; Snow, 2002). To give a few examples, qualitatively different

contents have been used in science narrative texts (e.g., fiction, Banister & Ryan, 2002; non-fiction,

Hong & Lin-Siegler, 2012), as well as different activity goals (e.g., studying, Wolfe & Mienko, 2007;

evaluating  text  quality,  Arya  &  Maul,  2012).  Science  narrative  texts  have  also  been  claimed  to

connect to readers’  social  and cultural  identities (e.g., Mutonyi,  2016),  and to engage differently

processes such as integration with prior knowledge (e.g., Maria & Johnson, 1989), emotions (e.g.,

Murmann & Avraamidou,  2014),  and attention (e.g.,  Hadzigeorgiou et  al.,  2012).  Thus,  it  is  also

important to characterize how the process of learning science through narrative texts takes place. 

In  short,  providing  a  theoretically  grounded examination of  whether  science  narrative  texts

consistently improve memory and learning outcomes, as well as insights into the characteristics of
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the  learning  process  that  can  lead  to  such  outcomes,  is  an  important  step  toward  better

understanding this science educational tool.

2.3. A Theoretical Review on Narrating Science for Learning

The goal of the current paper is to analyze by means of a theoretical review two questions pertaining

to the topic  of  learning  science  through narrative  texts,  that  we believe to  be of  relevance for

educators and researchers in education. To the best of our knowledge, such a review has not yet

been provided.

Our first question (henceforth, the “If” question) is whether there is evidence that narrative texts

have consistently  benefited retention and learning from science at  different levels  of  education.

Learning and retention are relevant cognitive and pedagogical outcomes (e.g., Kintsch, 1994) whose

conditions may depend on learners’  educational level.  Although the use of  narrative educational

materials is conventionally associated to young children, it has been claimed that these materials

may benefit older learners as well (e.g., Klassen, 2006; Olson, 2015). This question will be examined

by using a set of studies chosen on the basis of specific criteria (see Method).

A  follow-up  question  (henceforth,  the  “How”  question)  concerns  the  characteristics  of  the

learning process that may lead to the aforementioned educational outcomes. We will explore the

conditions involved in this process, as well as the mechanisms that may underlie it, by establishing

connections with a broader literature. 

To our knowledge, there has been no strong theoretical framework guiding the interpretation of

previous studies and the planning of future interventions. In the present theoretical review, we draw

on  a  set  of  theories  from  relevant  disciplines  to  accommodate  the  different  aspects  that  our

questions touch on.

As we aim at connecting science learning to literacy processes (e.g., Morais & Kolinsky, 2016;

Norris & Phillips, 2003), we draw on pedagogical aspects pertaining to learning through reading. We

chose  the  framework  outlined  by  the  Reading  for  Understanding  (RAND)  Reading  Study  Group

(Snow, 2002) for several reasons. First, because it subscribes to the idea that improving learners’

literacy skills promotes content learning. Second, because it recognizes the multifaceted nature of

learning,  providing  a  backbone  of  the  conditions  that  should  be  considered  when  planning

interventions or analysing its outcomes. These elements combine research traditions (e.g., Pearson &

Cervetti, 2015) that we see as highly relevant and complementary for the question at hands. Indeed,
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RAND builds its proposal around three elements that have been very present in cognitive models

(i.e., text, reader, and activity), but whose interactions are context-dependent, which has been given

more attention in sociocultural  models.  Finally,  RAND summarizes and structures these elements

within a policy-context, aiming at providing guidelines for research and development that focus on

text-and discipline-specific  reading practices.  These aims are  in  agreement  with  the aims of  the

current review.

Because  textual  materials  are  a  key  aspect  of  our  theoretical  review,  we  also  draw  on  a

framework that describes its features. We chose text linguistics (TL), particularly the francophone

line (e.g., Adam, 1997; Bronckart, 1997), because its conception of texts as social objects made up of

textual and contextual features (Gonçalves, 2019) provides us with a better grasp of the features that

make up science narrative texts, as well as with an important sociocultural lenses, as it brings wider

sociodiscursive practices into play.

Finally, we also integrated cognitive aspects of text comprehension, as they provide valuable

insights  on  memory  and  learning  (i.e.,  the  outcomes  under  examination)  and  on  how  readers

cognitively process science narrative texts (i.e., the processes underlying the examined outcomes).

We  selected  the  Construction-Integration  (C-I)  model  (e.g.,  Kintsch,  1988,  1998)  because  it  is

regarded  as  the  most  comprehensive  cognitive  model  of  text  comprehension  (McNamara  &

Magliano,  2009),  dedicates  special  attention  to  science  texts,  and  has  been  the  predominant

paradigm when conceptualizing basic processes and pedagogical practices for comprehension (e.g.,

Pearson & Cervetti, 2015).

Drawing  on  this  multidisciplinary  effort,  we  will  examine  the  two questions  outlined  in  the

beginning  of  this  section.  In  the  following  section,  we  will  present  the  selected  theoretical

frameworks, underlining both their shared and specific (and thus complementary) aspects.

2.4. Learning Science from Text: A Proposal Drawing on three Frameworks

For the RAND model (Snow, 2002; Sweet & Snow, 2003), text comprehension is always a specific

combination between features from the text, the reader, and the activity. These elements are highly

permeable to each other’s influences (dashed lines in Figure 1) and interact both within a wider

sociocultural  context  (the  wider  circle  surrounding  these  elements  in  Figure  1)  and  also  with  it

(middle  circle  in  Figure  2.1).  Reading  and  learning  by  reading  occur  at  the  interfaces  of  these

elements, and the process of learning is deemed as important as its content.
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TL and RAND conceive literacy as a cultural and historical activity (e.g., Adam, 1997; Snow, 2002).

Texts are viewed by TL as social objects that connect to expectations and practices of the wider

sociocultural context. For instance, a text with fantastic elements it expected to entertain, hence the

fairy tale genre is not commonly found in science education. In other words, texts are governed by

textual genres (Adam, 1997; Bakhtin, 1984; Dijk & Kintsch, 1983), such as fable, scientific report, or

cookbook,  which  are  abstract  models  of  what  is  to  be  expected  and  adopted  in  specific

communicative situations (Bronckart, 1997). As genres have conventionalised structures, purposes

and target audiences, the latter influence how texts are perceived and processed (e.g., Hidi et al.,

1982;  Rastier,  2001;  Zwaan,  1994),  connecting  the  textual  and  pragmatic  components  of  a  text

(Adam, 1997).

Figure 2.1. The RAND Framework Proposal (Taken from Snow, 2002)

According  to  TL,  the  textual  component  has  different  levels  (see  the  arrows  in  Figure  2.2),

namely  clauses,  sequences  and  text  plans.  Sequences  belong  to  five  prototypical  categories:

narrative,  descriptive,  explicative,  argumentative,  and  dialogical.  Crucially,  these  heterogeneous

sequences  are  intermingled  in  most  texts  (Adam,  1997;  2011).  Sequences  are  organized  by  a

common  text  plan,  which  determines  the  global  configuration  of  the  text.  In  a  narrative  text,

sequences are temporally organized; in expository texts, they are organized by topics and ideas.

Also  according  to  TL,  contextual  aspects,  or  the  pragmatic  component,  influence  the

configuration and processing of texts as well. Pragmatic aspects include enunciative features, content

(or “semantic representation” in the original terminology), and communication aims (or “illocutive-
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argumentative”). Narrative texts often include fictional contents and have the aim of entertaining;

science texts tend to stick to factuality and aim at instructing. The pragmatic and textual components

interact constantly (the dashed lines in Figure 2.2).

What makes a text being perceived as a narrative text is therefore not homogeneous narrative

sequences, but a combination of textual and pragmatic features. As, overall, texts are highly variable

and heterogeneous, by definition all texts are, to some extent, “mixed” or “hybrid” (e.g., Hidi et al.,

1982; Norris et al., 2005). Materials only containing prototypical narrative features have likely been

extracted from larger heterogeneous texts, or carefully built that way for a specific pedagogical or

experimental  purpose.  They  would  more  aptly  be  defined  as  sequences  than  as  texts;  yet,  for

simplicity’s sake, we will refer to all materials as “texts”.

Figure 2.2. A Text Linguistics’ View of Text Features (Adapted from Adam, 1997; 2008)

Both  a  novel  about  fictional  characters’  lives  and  a  science  discovery  narrative  have  mixed

features, yet the latter will more likely be perceived as “mixed”. Factual science contents (in contrast

with science fiction) are not usually associated to an overall narrative structure, as this combination

is present in few textual genres. This difference sets studies with science narrative texts apart from

the  studies  on  narrative  comprehension  they  frequently  draw  on.  Nonetheless,  some  science

educational  materials  incorporate  narrative  features.  To  name a  few  examples,  some texts  add

narrations about scientists thoughts and actions to provide a personal  and social  context to the

science contents (e.g., hybrid adapted primary literature, Shanahan, 2012). Others present science
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contents as part of a story with characters and events (e.g., secondary literature or popular fiction,

Baram-Tsabari  &  Yarden,  2005),  or  of  a  historical  narrative  that  explains  how  concepts  were

discovered  or  developed,  as  to  make  more  explicit  how  knowledge  is  constructed  (e.g.,

epistemologically considerate texts, Kloser, 2013).

The communication aim of the text, whether externally communicated or inferred, has a crucial

impact on how the activity is perceived and executed (e.g., to entertain vs. to learn), and hence on its

comprehension outcomes.  This  notion is  shared by all  the  theoretical  models,  and illustrates  an

interaction between the text, the activity, and wider sociocultural conventions.

Just  as  texts  have  different  levels  of  organization,  so  do  readers’  representations  of  them.

Drawing on a similar body of research, the three frameworks acknowledge that readers build various

representations of the text’s information (e.g., Kintsch & van Dijk, 1975; van Dijk & Kintsch, 1983).

However,  it  is  in  the C-I  model  that  these representation levels  are  thoroughly  developed (e.g.,

Kintsch, 1998; Kintsch & Rawson, 2005). This model proposes that readers construct (i.e., represent

meanings)  and  integrate  (create  a  coherent  representation)  information  into  representations

through an interactive interplay of text-driven and reader-driven processes, and focus on three levels

of representation (see Figure 2.3). At the surface level, linguistic information is represented literally

(i.e, exact wording and phrasing), which is generally assumed to have little effect on comprehension

(McNamara & Magliano, 2009). At the textbase level, the explicit meaning of the text is represented

by a propositional network of interrelated idea units, based on words, their syntactic relationships,

and inferences generated for text cohesion. These idea units are organized into higher meaning units

according to global topics and their interrelationships that link larger portions of the text, and often

follow the conventions of familiar schemata. Schemata are mental structures containing knowledge

(e.g., elements; rules; strategies) on specific genres or discourses (e.g., fairy tale vs. informational

piece), that orient and facilitate information processing and comprehension (Adam, 2011; Kintsch &

Rawson,  2005;  van  Dijk  &  Kintsch,  1983).  This  is  another  illustration  of  how  wider  contextual

conventions influence activities’ aims and readers’ cognitive processing of the text.

In addition to deriving relations between information explicitly mentioned in the text, which is

fairly shallow, readers elaborate on this propositional network, generating inferences and integrating

their  own experience and world knowledge.  Integration with prior  knowledge cannot take place

when this knowledge is inadequate or absent, but texts containing only already known information

are also useless for learning (Wolfe et al., 1998). This deeper level of representation is called the

situation model,  and it  involves a set  of  knowledge, affective dispositions and cognitive abilities,

including previous experiences, motivation, memory and visual imagery (e.g., Kintsch, 1998; Xu et al.,
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2005). The extent to which these reader’s features are engaged would depend on the interactions

with features from the text, the activity, and the wider context. The C-I model acknowledges that the

situation model is influenced by contextual features such as the genre, discipline, and goals (Kintsch,

1998; Dijk & Kintsch, 1983). Yet, these features have a more supporting role in the model, which

places greater emphasis on reader and text features.

Figure 2.3. Schematic Overview of the C-I model (adapted from Wharton and Kintsch, 1991)

The representation of a text’s explicit meaning (i.e., textbase level) and its deeper integration

with  extra-text  information  (i.e.,  situation  model)  occur  simultaneously  and  interdependently

(Kintsch,  1988).  Yet,  for  conceptual  and pedagogical  purposes,  they are  treated as  memory and

learning outcomes, respectively (Kintsch, 1994; 2012).

We believe that these theoretical frameworks provide a complementary multidisciplinary view

of  the  different  elements  we  wish  to  examine.  Using  this  theoretical  background,  we  will  now

describe the methods applied to address the two questions addressed in the present review.

2.5. Method

2.5.1. The “If” Question

The aim of the “If” question was to examine evidence on memory and learning outcomes at different

educational levels, having the outlined theoretical frameworks as theoretical grounding. We did this
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by selecting research papers  that evaluated these outcomes according to a set  of  four inclusion

criteria listed in Table 1 and analysing their findings.

As we were interested in the role of narrative texts as science education tool, (1) texts had to be

the central learning activity, and had to be read, listened to or written, as these activities are integral

to literacy (e.g., Morais & Kolinksy, 2021); in addition, (2) text materials must be described as having

narrative, story or novel features (the latter two convey central narrative features, e.g., temporal

organization), even if other terms are used simultaneously (e.g., “hybrid”); authors’ definitions were

not called into question.As we wanted to examine comprehension outcomes at different educational

levels,  (3)  participants  should  be  students,  i.e.,  completing  a  formal  educational  degree  (or  in

preschool, which in some countries is considered formal education) and (4) outcomes must examine

memory  and/or  learning  of  contents  from  the  scientific  body  of  knowledge  (i.e.,  explanations

intrinsic to science, Norris et al., 2005); other outcomes could be analysed (e.g., affective aspects;

understanding the nature of science), insofar as the outcomes of interest were directly examined.

Table 2.1. Inclusion and Exclusion Criteria for Selecting Studies Assessing Memory and Learning

Criteria Inclusion Exclusion

1. Reading, writing, or listening 
to narrative texts

Texts are the central task of the
learning activity

Texts are secondary

2. Definition of narrative Narrative/narrative features,
story, or novel

Only other terms are used (e.g.,
primary vs. secondary literature;

history of science)

3. Participants Students, from preschoolers to
pre-service teachers

Others (e.g., teachers)

4. Educational outcomes Memory or learning is one of the
outcomes

Only other outcomes (e.g.,
engagement; understanding the

nature of science)

To  include  different  materials,  we  searched  for  papers  in  the  following  databases:  Web  of

Science (very encompassing), ERIC (directed at education) and OATD (theses and dissertations). It is

worth noting that the main addressed concepts were quite encompassing (e.g., science; learning;

narrative),  and  that  the  outcomes  of  interest  could  be described  using  a  variety  of  terms  (e.g.,

comprehension, learning, recall, memory). As a result, broader searches would have resulted in many

papers that did not fit our aims; yet, narrowing the search terms too much would likely result in

missing relevant papers. In an attempt to achieve a balance between these extremes, we opted for
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flexibly  combining the following search terms:  “science”,  “scientific”,  “narrative text”,  “learning”,

“comprehension”,  “memory”,  “retention”,  “recall”,  “teaching”.  As  effective  Boolean  queries

including various terms are difficult to achieve (e.g., Karimi et al., 2010; Scells & Zuccon; Wang et al.,

2022), it proved hard to apply a stricter search methodology that would have allowed to perform an

exhaustive  search  of  the  retrieved  results.  Thus,  we  performed various  searches  using  relevant

combinations of the terms, guided by the goal of examining the overall (in)consistency of previous

evidence  on  narrative  learning  benefits.  The  search  terms  were  preferentially  looked  for  in  the

abstracts. The search covered works produced between January 1990 and December 2019, as many

of the seminal theoretical and empirical works on the benefits of narrative texts for memory and

comprehension dated from the 1980’s. Studies could be written in English, European Portuguese,

Brazilian  Portuguese,  Italian  or  French,  and  we  also  did  some  searches  using  the  search  terms

translated in these languages.

We began by checking the titles and abstracts against the inclusion criteria. When papers were

related to our question, we inspected them fully for potentially relevant references. We started by

inspecting the methods and results sections, to check whether memory and learning outcomes had

been directly addressed. These outcomes should have been to some extent learned through a text-

based activity of the study. We did not consider papers in which the learning activity was only a

means of applying knowledge acquired before/elsewhere. We were interested in both quantitative

and qualitative measures. Quantitative measures had to be supported by some numerical data (e.g.,

means; percentages; test statistics).  Qualitative measures had to include some sort of analysis or

explanation of the observed comprehension outcomes, connecting them with least one illustrative

example. We did not include papers which only presented general statements on learning gains or on

the quality/relevance of narrative tools or interventions. When papers fitted our purposes, we also

checked the papers that cited them.

We analysed the findings of 36 papers, whose main characteristics are summarized in Table 2.2

(see  also  Tables  2.3  and  2.4).  Among  them,  20  compared  narrative  materials  to  some  control

material (narrative vs. control studies; henceforth, N vs. C). In the other 16 studies, narratives were

examined as stand-alone tools (narrative-only studies; henceforth, N-O). As using science narrative

texts  is  often presented as  an alternative to conventional  teaching methods,  directly  comparing

narratives with a control material provides more straightforward evidence on a potential narrative

effect in science learning, while also minimizing confounding effects. However, many educators are

not interested in comparing different teaching methods, but rather in exploring in more depth the

narrative tool.
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Table 2.2. Measures, Design and Tasks of the 36 Studies Selected to Examine the “If” Question

Quantitative
measures

Qualitative
measures

Mixed-
methods

Pre-post
design

Delayed
assessment

Written tests
or questions

Interview,
discussion or
observation

Recall, retell
or rewrite

Writing stories
or journaling

Drawings or hands-on-
activities

N vs. C 17 0 3 9 7 16 4 7 1 0

N-O 6 6 4 8 4 7 5 5 6 5

Total 24 6 6 17 11 24 9 12 7 5

Note. The first three columns refer to the outcomes we wished to examine, not necessarily to the methodology of the full study.

Studies using delayed assessment could have applied a pre-post design or other (post-test or case study).

A same study could have examined memory and/or learning using more than one type of task. 

Recall and retell could have been done orally (e.g, interview) or through writing.
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These different paradigms often used different methods and tasks to examine the outcomes of

interest. A similar number of N vs. C and N-O studies (3 and 4, respectively) used mixed methods to

assess  memory  and  learning.  Yet,  whereas  N  vs.  C  studies  used  predominantly  quantitative

measures, the same number of N-O studies (i.e., 6) used either quantitative or qualitative measures.

A similar number of  N vs.  C and N-O studies (i.e.,  between 5 and 7),  examined memory and/or

learning using interviews, discussions or observations, and recall, retell or re-rewrite. All but four N

vs. C studies used written tests of questions, while N-O studies used more diverse tasks, such as

storywriting or journaling and drawings or hands-on-activities. Despite these differences, the general

design is often similar. In about half of the studies of each paradigm, participants’ knowledge was

assessed  before  and  after  reading,  writing,  or  listening  to  the  texts  (i.e.,  pre-post  design).  The

remaining studies either only applied post-tests or analysed several measures in the context of case

studies. Regardless of paradigm and design, some studies also included delayed assessments.

In  the  case  of  quantitative  comparisons,  we  verified  whether  there  was  evidence  that  the

interventions produced gains in memory and/or learning (e.g., pre vs. post measures) and whether

these gains were stronger in specific conditions (e.g., with N vs. C; with different narrative texts; in

delayed  vs.  immediate  assessments).  When  effect  sizes  (ES)  were  not  reported  and  sufficient

information was available, we calculated them for between or within effects (Lakens, 2013). For the

sake of clarity, when studies included several tasks, conditions (e.g., groups) or factors irrelevant to

our  purpose,  we  either  made  a  selection  or  aggregatedthe  results  when  they  were  of  similar

direction and significance (see notes  of  Tables  2.3  and 2.4).  As  regards  qualitative analyses,  we

checked which kind of memory and/or learning outcomes were observed, and how they were patent

in the illustrative examples presented by the authors.

As we will discuss further in the Results, the C-I model differentiates memory from learning. Yet,

memory and learning are intertwined at both the cognitive and design level, with some measures

tapping both processes at once (e.g., tests; interviews). When tests were reapplied after a delay, we

considered them asassessing both learning and memory. In addition, some studies explicitly stated

they  included  measures  tapping  different  levels  of  representation  but  did  not  present  results

separately; in this case, we interpreted them as pertaining to both levels.

2.5.1. The “How” Question

The aim of the “How” question was to provide an overview on aspects that, based on the outlined

theoretical frameworks, should be relevant to characterize the process of learning science through
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narrative  texts.  We  did  this  by  gathering  and  linking  ideas,  hints,  and  evidence,  establishing

connections with a broader literature in a more exploratory mode.

The 36 studies examined in the “If” question were also used as the main basis for the analysis,

whenever they contributed to characterize the process leading to the observed learning outcomes.

Many of the variables not included in the analysis of the “If” question were relevant and thus were

considered  here,  such  as  prior  knowledge,  interest,  or  readers’  social  and  cultural  identities.

However, we also drew on and established connections with a broader literature with that same

purpose of characterising the underlying process in mind. We included information from theoretical

and empirical  works on science narratives and on conventional narratives more generally.  These

were mostly  retrieved during the previously  described searches,  especially  by inspecting the full

papers for relevant references. When relevant, we also made connections to more general research

on learning and science learning, and to literature on specific features from the examined conditions

and processes. These literatures were again not exhaustively searched or described, as our goal was

to  sketch  a  theoretical  overview.  The  presented  evidence  is  also  not  exhaustive,  but  instead

illustrative. We included different kinds of evidence: direct, that is, the feature has been investigated

in direct connection to learning outcomes stemming from science narrative texts; indirect, that is, the

feature has been investigated in a learning intervention that used science narrative texts but was not

directly connected to learning outcomes; or more tentative, namely, the feature was investigated

using non-science narrative texts.

We organized  the  analysis  of  this  question under  two main  sub-questions,  each  addressing

specific features.  Namely,  drawing on the outlined theoretical  frameworks,  we mapped a set  of

conditions (texts, activities, and populations, as well as their interactions with the wider context) and

underlying  processes  (prior  knowledge,  affective  dispositions,  and  cognitive  abilities)  that  are

relevant to characterize the process of learning through science narrative texts.

2.6. Results

2.6.1. If: Can Science Narrative Texts Improve Memory and/or Learning?

The  presentation  of  results  will  be  organized  according  to  the  memory  vs.  learning  distinction

provided by the C-I model, and the tasks usually used to assess them (e.g., Ferstl,  2001; Kintsch,

2012).According to the C-I model (Kintsch, 1994; 1988), memory and learning correspond to different

levels of representation. Memory is related to the reproduction and paraphrasing of information,
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being strongly associated to the textbase level.  Learning is  related to changes in knowledge and

requires integration of new content within prior knowledge, being more closely associated to the

situation model level.  As outlined, authors from N vs. C and N-O studies used different tasks to

measure these outcomes. Table 2.3 lists all the examined N vs. C studies, along with information on

the  main  variables  (educational  level  and  memory  and/or  learning  outcomes)  and,  whenever

possible, the corresponding ES. Table 2.4 presents the same information for the N-O studies. As can

be seen in Tables 2.3 and 2.4,  both types of  studies included a range of  educational  levels,  but

whereas N-O studies mainly included preschoolers and only seldom undergraduates, N vs. C studies

focused more on the latter and none included preschoolers.

Memory and learning are preferentially measured by specific tasks (e.g., Ferstl, 2001; Kintsch,

2012). Memory is often tapped by free recall (e.g., 71), recognition questions (e.g., multiple-choice;

10),  comprehension  questions  about  explicitly  mentioned information  (e.g.,  fill-in  questions,  10;

interviews,  21),  questions  that  probe  automatic  inferences  based  on  explicitly  mentioned

information (e.g.,  14),  and questions  that  evaluate  retention,  such as  comparing  immediate  and

delayed measures (e.g., 16), or repeating learning assessment sometime later (e.g., test, 15).

N vs. C studies reported mixed results, using mostly written tasks and some interviews (see Table

2.3). Among undergraduates, there was no overall difference between text types in immediate recall

(7) but, depending on the recalled items (the total items of the text vs. the items common to both

texts)  and level of representation (textbase vs.  situation model),  either a narrative or expository

advantage was found. Delayed recall among younger students (primary: 3; first middle school year:

2) did not benefit from one text type specifically. Expository gains in immediate recall were reported

among primary and middle school students (e.g., 4, 9, respectively; the latter just for one topic).

Narrative gains, on the other hand, were seldomly observed in immediate recall (14, but only for

one topic) but were clear cut in delayed assessments of students from several educational levels

(middle school: 1,14, 15; high school: 16; university: 10; medium to large ES). It is interesting to note

that when only one of the presented topic yielded a text type advantage, this topic had been deemed

as less interesting (14) or more difficult (9) by students. Many ES were medium to large, with some

exceptions (1, 2, 3, 7, 9, 11, 14, 16).
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Table 2.3. Characterization of the Main Variables (Educational Level, Memory Outcomes, Learning Outcomes) of the N vs. C Studies

No. Study Educational Level Main Memory and/or Learning Findings Effect Sizes (When Available)

1. Maria & Johnson (1989) Gr 5 and 7 Gr 7 scored higher than Gr 5 in Im Misc Post and Im App Post but there we

no differences between N and E; Gr 7 scored higher than Gr 5 in Del App 

Post and N scores were higher than E scores

Im Misc Post Gr 5: d= 0.47 r= .23; Gr 7: d= 0.24, 

r=.12; Im App Post Gr 5: d= 0.45 r= .22, Gr 7: d= 0.47 

r= .23; Del App Post Gr 5: d= 0.76 r= .35; Gr 7: d= 

0.24 r= .12

2. Maria & Junge (1993) Gr 5 No N vs. C differences in Im Rec and Del test; N Rec were longer; Rec had 

few Sci ideas

Im Rec (length): d= 1.07, r= .47; Im Rec (Sci ideas): 

d= 0.20, r= .10; Del test: d=0.19, r=.1

3. Jetton (1994) Gr 2 No N vs. C differences in Im free response or Del Rec; Rec included more 

on N ideas

Im story ideas: d= 0.57 r= .27; Im Sci ideas: d= 0.17 

r= .08; Del Rec: d= 0.13 r= .06

4. Alvermann et al. (1995) Gr 9 E advantage in Rec & App Post Rec: d= -0.88 r= -.40; App d= -0.90 r= -.41

5. Hellstrand & Ott (1995) Gr12 N LRN advantage in Post d= 0.57, r= .27

6. Lamartino (1995) Gr 3 No N vs. C LRN differences in Post d= 0.50, r= .24

7. Wolfe & Mienko (2007) UndGr No significant N vs. C differences in LRN and Rec LRN: d= -0.13 r= -.06; Rec: d= 0.27 r= .14

8. McQuiggan et al. (2008) Gr 8 Largest Pre-Post gains for E text, followed by min N and lastly full N N (full) vs E: d= -0.99 r= -.44; N (full) vs N (min): d= -

0.32 r= -16; N (min) vs E: d= -0.62 r= -.30

9. Cervetti et al. (2009) Gr 3 and 4 General E advantage in Post LRN and Retell, but only significant for one of 

the Sci topics

General LRN: d= -0.47 r=  -0.23; General Retell: d= -

0.46  r=  -0.22

10. Negrete & Lartigue

(2010)

UndGr E advantage in Im Post MEM/LRN; N advantage in Del MEM/LRN Post

11. Wolfe & Woodwyk

(2010)

UndGr N MEM advantage for total text elements, but E MEM advantage for 

common text elements; Textbase stronger for N and decreased 

MEM (total): d= 0.57 r= .28; MEM (common): d= -

0.77 r= -.36; Im textbase:  d=0.44, r=.22; Del 
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No. Study Educational Level Main Memory and/or Learning Findings Effect Sizes (When Available)

significantly in Del; situation model marginally stronger for E and no 

decrease in Del

textbase: d=0.19, r=.10; Im situation model: d=0.41, 

r=.20; Del situation model: d=0.22, r=.11

12. Rosa (2010)* Gr 11 N Pre/Post LRN and CCPT elaboration advantage as measured by tests, 

DISC and INTVW

13. Ritchie et al. (2011) Gr 6 N Pre/Post LRN advantage as measured by story WRT and INTVW PreWRT to Story Part A: d= 1.59, r=.69; PreWRT to 

Story Part B: d= 1.16

14. Arya & Maul (2012) Gr 7 and 8 Im N LRN advantage for one Sci topic and Del N LRN advantage for both 

Sci topics; Gr 8 students did not benefit from Radioactivity N

Im (Radioactivity) d= .17 r= .08; Im (Galilean 

telescope) d= .43 r= .20; Del (both topics) d= 0.95 

r=.43

15. Hadzigeorgiou et al.

(2012)

Gr 9 N advantage in Im and Del LRN Post Im Post: d= 1.31 r= .55; Del Post: d= 1.72 r= .65

16. Hong & Lin-Siegler (2012) Gr 10 No N (struggles) vs. N (achievements) vs. C differences in Im LRN or Rec. N

(struggles) advantage (vs. other two texts) in Del LRN and Rec

Im Rec: d= -0.35 r= -.17; Del Rec: d= 0.67 r= .32;  Im 

LRN: d= 0.07 r= .04 , Del LRN: d= 0.90 r= .41

17. Reuer (2012)* Gr 12 N LRN advantage in Post and INTVW Chapter test: d= 0.37, r= .18; Exam: d= 1.21, r= .51

18. Browning & Hohenstein

(2015)

Gr 1, 2 and 3 N LRN advantage in all Gr, but especially in Gr 3 Total Gr: d= 1.06 r= .47; Gr 1: d= 0.83 r= .38; Gr 2 d= 

0.73 r= .34; Gr 3 d= 1.72, r= .65

19. Akarsu et al. (2015) Gr 7 N Post LRN advantage Pre: d=-0.15, r= -.08; Post: d= 1.42, r= .58

20. Dinsmore et al., (2017) UndGr Highest increase in LRN complexity with N, followed by E and decrease 

with persuasive text

pη2 = .14

Note. White cells represent better memory and/or learning outcomes for the narrative (N) text, light grey cells represent the absence of difference between N and control (C) texts or mixed 

results (e.g., N advantage only in delayed measures), and dark grey cells represent better memory and/or learning outcomes for the expository (E) text. App: application; CCPT: 
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concept/conceptual; DISC: discussion(s); Del: delayed; Gr: grade(s); INTVW: interview(s); Im: immediate; LRN: learning; MEM: memory; Misc: misconception; Pre: pretest; Post: post-test; Rec: 

recall; Ss: students; Sci: science/scientific; UndGr: undergraduates; WRT: writing/wrote; yr-o: year-old(s). The letter d stands for Cohen’s effect size and r for Pearson’s correlation coefficient. 

All studies were published articles except for 2 MSc theses (*).

Selection of conditions/tasks: in study 1, we only present the comparisons between the N text and one of the applied E texts (considerate E text) because they had equivalent length and their 

scores only significantly differed in Del measures. In study 4, we only present part of the applied tasks, one representative of each relevant outcome, and the Control condition was not 

examined.

Aggregation of results: the following results were collapsed: in study 2, the results from good readers and bad readers; in study 4, the results from the Discussion web and Question/answer 

conditions; in study 7, the results from the two applied E texts (Topical E text and Sequential E text); in study 14, the results from both Sci topics in the Del assessment. 

In study 5, effect sizes were calculated by approximation (approximately 25 students per class).
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N-O studies reported encouraging retention outcomes (see Table 2.4). In interviews, primary and

preschool students showed good recall  of information after three to five months (21, 36).  In the

latter case (36), drawings made by the students supported recall and there were different levels of

performance. In middle-to-high-school students, the retention interval could amount to one year

(32). Among high schoolers, after a one-week delay, one study found that the narrative texts with

concrete  details  promoted  better  retention  than  their  abstract  counterparts  (22;  large  ES),  and

another found that students rewrote the narrative they had read using less factual information (33;

large ES). Intriguingly, when comparing primary students’ retelling of the narrative with their explicit

description of the scientific model it  contained (both after three months),  more abstract  science

ideas were included in the former. When directly compared, older students recalled more content

than younger ones in immediate measures (29, 33).

Learning can be assessed by problem-solving tasks that demand the transfer or the application

of  information  (e.g.,  complex  problem-solving,  16;  implementing  an  experiment,  25;  applying

classroom-acquired  knowledge  in  other  contexts,  22),  by  inference  questions  that  cannot  be

answered with explicitly mentioned information (e.g., 14), and by questions directed at determining

knowledge change or improvement, such as pre- vs. post-tests (e.g., 7) and delayed reassessments

(e.g., 1).

The pattern of results from N vs. C studies mirrors the previously presented one for memory but

contains  more  findings  (see  Table  2.3).  In  some  studies,  there  were  no  significant  differences

between text  types  in  immediate measures  using  written questions or  tests (2,  3,  6,  7;  primary

school, middle school, and university). Other studies reported an expository advantage in immediate

measures of mostly the same kind (study 9 used interviews) and among the same educational levels

(9, 4, 8, 11). However, more studies reported a narrative advantage. This learning advantage was

scarcely observed on immediate measures (primary school:  18; middle school:  14; interview and

written test, respectively). 
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Table 2.4. Characterization of the Main Variables (Educational Level, Memory Outcomes, Learning Outcomes) of the N-O Studies

No. Study Educational Level Main Memory and/or Learning Findings Effect Sizes (When Available)

21. Banister & Ryan (2001) Gr 4 Ss showed CCPT change from Pre/Post questions and reWRT of N; in Del INTVW 

Ss used more abstract ideas in retell of N than in description of Sci CCPT; some 

imperfections in CCPT development

22. Wilcken (2008)** High school Better Post Im and Del LRN for N with concrete details (vs. abstract N) Im: Cohen's dav= 0.45; Del: Cohen's dav= 

0.79

23. Ritchie et al. (2008) Gr 4 LRN was evaluated as functional and fluent use of Sci CCPT through N WRT, 

INTVW and field observation

24. Corni et al. (2010) Gr 3 Ss drawings and WRT texts showed LRN (from descriptions to interpretation and 

formulation of hypotheses)

25. Frisch (2010) UndGr (preservice

teachers)

Average-scoring Ss (exam) used N they WRT to understand Sci CCPT more than 

below- or above-average-scoring Ss; teacher guidance helped Ss integrate and 

LRN SCI CCPT in N they WRT

26. Kokkotas et al. (2010) Gr 6 Ss showed LRN in comprehension questions, classroom DISC and by 

implementing experiments

27. Tomas & Ritchie (2010) Gr 9 Ss were able to transform Sci knowledge to WRT accurate Sci N but this 

knowledge was better explained and elaborated in INTVW (which can explain 

decreases)

Improvements: N PreWRT to Part B: d=1.25;

N Part A to N Part B: d= 0.85; Decreases: N 

PreWRT to Part C: d=0.55; N Part A to N Part

C: d= 0.89; N Part B to N Part C: d= 2.19

28. Kalogiannakis & Violintzi

(2012)

Preschool LRN improved from Pre to Post as assessed by INTVW and drawings
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No. Study Educational Level Main Memory and/or Learning Findings Effect Sizes (When Available)

29. Legare et al. (2013) 5 to 12 yr-ol Specific N (desire-based, need-based, natural selection) promoted corresponding

explanations of evolution in Im LRN and Rec (INTVW)

Older Ss recalled more content, used more need-based and evolution-based 

explanations, and used more evolution CCPT than younger Ss; the later used 

more desire-based explanations

Older vs younger desire-based explanations 

d=-2.29; r=-.75; Older vs younger need-

based explanations d=3.18, r=.85; Older vs 

younger evolution-based explanations 

d=6.08 r=.95; Older vs younger evolution 

CCPT d=6.55 r=.96

30. C. Morais (2015) Primary school (8-

10 yr-o)

Ss drawings showed LRN of Sci  CCPT

31. Lin-Siegler et al. (2016) Gr 9 and 10 Ss who read intelectual struggle N or life struggle N had better Post LRN (tests) 

than Ss who read achievement N

Achievement N vs. intelectual struggle N: 

d=0.04, r=.02; achievement N vs. life 

struggle N: d=0.09, r=.05;  intelectual 

struggle N vs. life struggle N:  d=0.06, r=.03

32. Mutonyi (2016) Gr 9-11 Ss journals, focus-groups DISC and INTVW demonstrated CCPT LRN; in many 

cases it was retained after months/a year

33. Prins et al. (2017) Gr 10 and 11 Both Gr scored high in Im and Del LRN and MEM Post (except Retell); Gr 11 had 

higher Im Retell; worse Del retell (less Sci information) in both Gr

Retelling between Gr: d= 2.02 r= .71; 

Retelling between sessions: Cohe’s dz= 0.74

34. Flynn & Hardman (2019) Gr 12 Ss improved LRN (from first 15 Post questions to last 15 Post questions) d= 0.71

35. Morais et al. (2019) Gr 8 Ss showed LRN of Sci CCPT in N WRT (explanation of Sci ideas) and creation of 

hands-on-activities (connecting and App of Sci ideas)

36. Walan & Enochsson

(2019)

Preschool (4-6 yr-

o) and primary

school (7-8 yr-o)

Ss demonstrated different levels of SCI LRN and Rec in Del INTVW (from no 

identified LRN to LRN connected to reality); Im drawings supported Rec)
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Note. App: application; CCPT: concept/conceptual; DISC: discussion(s); E: expository; Del: delayed; Gr: grade(s); INTVW: interview(s); Im: immediate; LRN: learning; MEM: memory; N: 

narrative; Pre: pretest; Post: post-test; Rec: recall; Retell: Retelling; Ss: students; Sci: science/scientific; UndGr: undergraduates; WRT: writing/wrote; yr-o: year-old(s). The letter d stands for 

Cohen’s effect size and r for Pearson’s correlation coefficient. All studies were published articles except for 1 PhD dissertation (**). 

Aggregation of results: in study 22, the results from the factors Structure and Gender were collapsed with the results of the factor Concreteness.
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However, it was often reported in delayed assessments (1, 10, 14, 16; primary school, middle

school,  and  high  school)  and  in  assessments  in  which  the  “moment”  of  learning  is  harder  to

categorize (5, 12, 13, 15, 17, 18, 19; primary school, high school, and middle school), as they were

developed  through  the  course  of  several  weeks  (e.g.,  school  term).  Two  of  these  studies  also

assessed learning through discussions and interviews (e.g., 12, 13, 17) and story writing (13). When

directly compared, older students tended to score higher (1, 18), and in one study older students did

not benefit from the narrative text in one of the science topics (14). ES were mostly medium to large

(exceptions: 1, 2, 3, 9, 14, 17, 20).

Positive outcomes relating to learning were also reported in N-O studies, at different educational

levels and using a more varied set of tasks (see Table 2.4). Among preschool, primary school, and

middle  school  students,  conceptual  appropriation  and  development  was  observed  with  written

questions (21, 26, 31), interviews (21, 23, 27, 29, 36), drawings (24, 28, 30), written stories (23, 27,

35),  created  hands-on-activities  (26,  35)  and  field  observations  (23).  However,  in  many  studies,

knowledge demonstration was not without imperfections, as evaluated by incorrections or naive

concepts in drawings and interviews (21, 28, 36) and even by a decrease in the demonstration of

learning in the last part of the task of story writing (27). Moreover, in one study conducted with

participants from 5 to 12 years-old, younger participants endorsed more naive and anthropomorphic

explanations of evolution (desire-based), whereas older students endorsed more natural selection

explanations  and used more evolution concepts  (although  they  also  endorsed  more  need-based

explanations  as  well).  Many  of  the  older  students  (including  undergraduates,  25)  demonstrated

conceptual  learning  and  refinement  not  only  in  written  tests  (25,  31,  33,3  4),  but  also through

journaling (32), discussions and interviews (32), as well as story writing (25). ES were medium to

large, with one exception (31).

Overall, although there is encouraging evidence for the use of narrative texts in science learning,

it is difficult to build a clear pattern from these results. This can be partly explained by the variability

in features, which, beyond educational level, can be found in these studies and impact memory and

learning outcomes. We provided a few hints of such features (e.g., narrative text elements, students’

interest, configuration of the activity) that can help characterize this learning process. We will delve

further into this question in the next section.

2.6.1. How: Characterizing the Process of Learning from Science Narrative Texts

Under Which Conditions.
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Texts Features.  Regardless of the narrative educational materials used, it is useful to consider

how their features can specifically impact memory and learning, so that the conditions in which they

are more effective for learning can be ascertained (e.g., Norris et al., 2005). The way narration is

structured (i.e.,  temporally organized events) is proposed to aid memorization and learning (e.g.,

Prins et al., 2017; Strube, 1994). This textual feature resembles the way the human mind organizes

experiences  (Bruner,  1991; Fisher,  1987;  Kintsch,  1998),  and there is  evidence that  people  build

temporally  organized representations of  texts  even  when that  structure  is  absent  (e.g.,  Claus  &

Kelter, 2006). Two studies that used science narratives report results in line with this idea. One of

them reports  that,  compared  to  the  narrative  text,  the  expository  text  more  frequently  caused

chronological  confusions  that  interfered with  comprehension (Browning & Hohenstein,  2015).  In

another, the expository text presenting events in a temporal order promoted greater knowledge

integration  than  another  presenting  events  by  topics  and,  interestingly,  than  the  narrative  text

(Wolfe & Mienko, 2007). Yet, although the temporal expository and narrative texts had a similar

structure, they differed greatly in another text feature, namely its content, a pragmatic feature.

Narration contents tend to focus on personal and social events (e.g., Arya & Maul, 2012; Corni et al.,

2010;  Klein,  2016),  and  science  narratives  have  portrayed  these  contents  differently.  They  can

include  fictional  elements  (e.g.,  Wolfe  &  Mienko,  2007),  which  are  strongly  associated  to

sociocultural conceptions and practices of narratives, or stick to factual information, which is more

characteristic of science discourse. Examples of the fiction elements used in science narratives are

anthropomorphism (e.g., Banister & Ryan, 2002; Cervetti et al., 2009), myths (e.g., Kalogiannakis &

Violintzi,  2012), and fantasy and science fiction (e.g., Akarsu et al., 2015; Wolfe & Mienko, 2007).

Some authors  argue that,  because fiction suspends disbelief,  it  creates unrestricted hypothetical

worlds that are useful to illustrate complex (e.g., Negrete, 2005) or counterintuitive (Browning &

Howenstein,  2015)  science  concepts.  At  the  same time,  there  is  the  concern  that  fantastic  and

anthropomorphic  elements  may  make  it  difficult  to  separate  fact  from  fiction,  promoting

inaccuracies and misconceptions (e.g., Broemmel & Rearden, 2006; Gomez-Zweip & Straits, 2006), or

animistic or teleological explanations of science (Klein, 2006).

Many studies that used fictional elements in science narratives report positive memory and/or

learning outcomes (e.g., Akarsu et al., 2015; Corni et al., 2010, Kalogiannakis & Violintzi, 2012), and

one suggests that anthropomorphic elements enhanced students’ recall of ideas (Banister & Ryan,

2001). Yet, others report that fantastic and anthropomorphic elements interfered with recall, with

students  exhibiting  more  misconceptions  (Cervetti  et  al.,  2009),  less  scientifically  accurate

interpretations (Legare et al., 2013), and difficulties in separating facts from fiction (Prins et al., 2017)
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or  in  integrating  science  contents  into  stories  (Frisch,  2010;  Tomas  et  al.,  2011).  Students  also

recalled more story than science ideas from the texts (Jetton, 1994; Maria & Junge, 1993; Wolfe &

Woodwyk, 2010), and some expository materials benefited knowledge integration further (Wolfe &

Mienko, 2007; Wolfe & Woodwyk, 2010). Importantly, the interference of interesting yet irrelevant

elements  (e.g.,  Garner  et  al.,  1989),  such  as  fiction,  seems  to  depend  on  how  coherent  and

intertwined  with  the  text’s  topic  these  elements  are  (Glaser  et  al.,  2009;  Lehman et  al.,  2007;

Negrete, 2005). In at least one study, the authors acknowledged that this was not the case in their

materials (Wolfe & Miekno, 2007). 

Despite their close pragmatic association, narrative materials do not necessarily contain fictional

contents. Examples of factual or feasible fictional information used in studies with science narratives

are depictions of daily or contemporary events (Dinsmore et al., 2017; Reuer, 2012; Rosa, 2010) and

historical/discovery accounts (e.g., Arya & Maul, 2012; Lin-Siegler et al., 2016). There are different

proposals  on  how  scientists  should  be  portrayed  in  the  latter.  Some  educators  argue  that  a

romanticized  view  of  scientists,  that  brings  out  heroic  and  wonder-like  qualities,  can  facilitate

learning (Egan, 1997; Hadzigeorgiou et al., 2012). Other educators argue that scientists should be

portrayed in a realistic and accessible way that highlights their struggles and challenges (e.g., Arya &

Maul,  2012;  Hong  & Lin-Siegler,  2012)  and  avoids  stereotypical  images  of  innate  ingenuity  and

monumentality (e.g., Allchin, 2003; Solomon, 2002). In one study that followed the former approach,

students  learned  better  with  the  narrative  than  with  the  expository  text,  and  more  than  half

associated romantic qualities to science knowledge in their journals (Hadzigeorgiou et al., 2012). In

other studies, however, narratives focused on scientists’ achievements and innate intelligence did

not produce the same learning gains as narratives focused on scientists’ struggles did (Hong & Lin-

Siegler, 2012; Lin-Siegler et al., 2016). Narratives portraying scientists’ discoveries also yielded better

learning than their expository counterparts (Arya & Maul, 2012).

The use of historical-based accounts is claimed to serve another purpose, which is to connect

scientific knowledge with the social and cultural context in which it was discovered or developed

(Arya & Maul, 2021; Klassen, 2007). This provides students with a better grasp of what science is and

how it works (i.e., the nature of science), averting misconceptions that can be harmful to learning

(e.g., Allchin, 2003; Clough, 2011). Some authors further contend that the scientific process is fairly

narrative in itself (e.g., Bruner, 1996; Hadzigeorgiou, 2016; Larison, 2018).

Science narratives have been reported to encourage students to challenge their  perceptions

(e.g., Arya & Maul 2021; Dinsmore et al., 2017; Erten et al., 2013) and hold a more accurate image of

science, such as viewing it as a process (Evangelista & Zimmermann, 2008; Leipzig, 2018). One study
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reported that the narrative text made students use more evidence in their responses and display a

more complex learning of the science contents (Dinsmore et al., 2017).

Activity Features. Besides the text’s content, it is important to consider situational aspects or

circumstances  of  learning,  pertaining  to  the  activity  and  its  interactions  with  the  wider  context

(Snow,  2002).  One  feature  important  to  consider  is  the  goal(s)  of  the  activity.  Educators  and

researchers may communicate goals to students, but students generate their own goals, which can

be influenced by existing schemata. People often draw on schemata when interpreting texts (e.g.,

Adam, 2011; van Dijk & Kintsch, 1983), which include genre-specific processing strategies, activated

according to the knowledge of what is usually expected from texts with specific features (e.g., Hidi et

al., 1982; Rastier, 2001).

Instructional/study  goals  can  favour  the  activation  of  expository-processing  strategies,  as

learning is associated with this kind of materials (e.g., Kloser, 2013; Wang, 2009). A text with features

associated to the narrative textual  genre (e.g.,  temporal  organization;  fictional  information) may

activate  an  entertaining  aim,  stemming  from  socioculturally-based  expectations.  The  overtly

communicated goal (e.g., to learn) may thus conflict with activated pragmatic knowledge (e.g., to

entertain),  and interfere with comprehension (Snow, 2002).  Indeed, students exposed to science

narratives have expressed that narratives were not adequate to learn science (Prins et al., 2017), or

were surprised to have learned from them (Murmann & Avraamidou, 2014). Additionally, students

may activate a story or an informational mode depending on the activity they are doing (e.g., short

stories and drawings vs. instructed group work, respectively, Murmann & Avraamidou, 2014).

Studies using science narratives have communicated different goals to students. For instance,

some goals  were  related  students’  own evaluation (understanding  how students  make sense of

difficult information; Alvermann et al., 1995; solving a mystery; McQuiggan et al., 2008; studying;

Wolfe  &  Mienko,  2007;  Wolfe  &  Woodwyk,  2010),  and  students  tended  to  benefit  more  from

expository  texts  in  these cases.  In  one  study where the  goal  was  not  related to students’  own

evaluation, but instead to the evaluation of the texts, they benefited more from the narrative texts

(Arya  &  Maul,  2012).  Some  goals  were  related  with  entertainment,  such  as  solving  a  mystery

(McQuiggan et al., 2008), where students benefited more from the expository text, or co-writing an

ecological mystery (Ritchie et al., 2008, a N-O study), in which case students demonstrated written

and spoken fluency of the scientific concepts. One study specifically manipulated the activity’s goal

(hearing the same text as a “story” or as a “book”) but, regardless of the instruction, all students

focused more on story elements (Jetton, 1994).  As 2nd graders,  these students must have been

47



familiar  to  narrative  texts  via  social  practices,  yet  have  little  contact  with  expository  materials,

leading them to activate story-processing strategies under both conditions.

Another relevant feature of the activity is its duration. As commented in the analysis of the “If”

question, studies ran over the course of weeks tended to yield more positive results for narrative

than for expository texts. Authors from one study reasoned that the narrative storyline may have

overloaded students’  cognition,  which was assessed on the same day (McQuiggan et  al.,  2008).

Duration  can  also  provide  the  opportunity  to  integrate  more  and  varied  activities.  Examples  of

activities included in longer studies with science narratives, but not shorter ones, are fieldtrips (e.g.,

Ritchie  et  al.,  2008),  journaling  (e.g.,  Hadzigeorgiou  et  al.,  2012;  Mutonyi,  2016),  and preparing

hands-on activities and experiments (e.g., Kokkotas et al., 2010; Morais et al., 2019). Reasons for the

learning gains afforded by longer and more varied activities may include knowledge consolidation

(e.g., Squire et al., 2015) and increased meaning making (e.g., Bruner, 1990). Finally, the duration and

variety of learning activities are likely to vary depending on economic and cultural factors of the

learning  setting  (Snow,  2002),  such  as  socioeconomic  status  (SES)  and  cultural  features  of  the

neighbourhood.

Reader Features. The reader is at the centre of the learning process. In addition of differing by

their  educational level,  readers may have varied social  and cultural identities.  At the same time,

developing text materials and learning from them takes place in a sociocultural context that reflects

the  interpretations  of  specific  cultural  groups  (e.g.,  Adam,  1997;  Snow,  2002),  particularly  the

dominant ones (e.g., Arya & Maul, 2021; Phillips Galloway et al., 2020). The underrepresentation of

historically/currently marginalized social and cultural groups in mainstream science poses challenges

to learning (e.g., Jackson et al., 2016; Harper & Kayumova, 2022; Visintainer,  2020). The need of

integrating the thinking and learning dynamics of these marginalized groups has been stressed by

some authors (e.g., Harper & Kayumova, 2022; Lee & Grapin, 2022; Mutonyi, 2016), who claimed

that cultural background impacts text interpretation and knowledge construction (e.g., Greenfield,

1997, cited by Arya & Maul, 2021; van Dijk, 2001, cited by Arya & Maul, 2012), and that learners feel

the need to see people like them doing science (e.g.,  Arya & Maul,  2021; Bowman et al.,  2022;

Gilbert et al., 2005).

Being  culturally  relevant  mental  models  about  the  world  (Bruner,  1986;  Kintsch,  1988),

narratives are proposed to help readers connect to science by bringing them closer to familiar and

relevant contexts (e.g.,  Avraamidou & Osborne, 2009; Graesser et al.,  2002).  This issue has been

tackled in some studies with science narratives. In one study, preschool Greek children learned about

volcanoes through a Greek myth (Kalogiannakis & Violintzi, 2012) and in another, Ugandan students
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made use of cultural tools like proverbs and stories to learn more about HIV, a very socially relevant

issue in their country (Mutonyi, 2016). Both studies report engagement and learning gains. Other

studies found through interviews that narratives detailing episodes of discovery were effective in

reaching different genders and cultural backgrounds. Because they felt they could also be scientists,

students  found  science  more  relatable  and  interesting,  which  may  have  boosted  their

comprehension  of  the  contents  (Arya  and  Maul,  2021;  Lin-Siegler  et  al.,  2016).  This  sense  of

relatedness may be dependent on the level of match between the text’s social and cultural elements

and the student’s own background (Lin-Siegler et al., 2016).

Additionally, SES has well established effects on brain and cognition (for a review, see e.g., Farah,

2017), including in science learning (e.g., Lee & Luykx, 2007; Yang, 2003). There is some evidence that

science narratives work well (e.g., Lin-Siegler et al., 2016; Mutonyi, 2016) or better than expository

texts (Arya & Maul, 2012; Hong & Lin-Siegler, 2012) among middle and high-school participants from

low  and  middle-income  backgrounds.  Importantly,  SES  is  often  confounded  with  ethnicity  (e.g.,

Cheng et al., 2015), and in some studies the students who benefited more from narratives were both

from low SES and predominantly Latinx and Black (Arya and Maul, 2012; Lin-Siegler et al., 2016). Yet,

another study with mostly Black students found worse results in the narrative condition (Alvermann

et al., 1995).

Through  Which  Underlying  Processes.  Ascertaining  the  extent  to  which  reader’s  features  are

engaged during the process of learning from science narrative texts can help understand how these

texts generate memory and learning outcomes (e.g., Norris et al., 2005). As such, in this section these

features will be framed as underlying processes.

Integration  with  Prior  Knowledge. The  notion  than  learning  from  text  requires  linking  and

integrating new information with prior knowledge is central to the C-I model (e.g., Kintsch, 1998).

These  processes  have  been  vastly  investigated  using  science  expository  texts,  which  are  more

dependent  of  the integration processes  than non-science narrative texts  (e.g.,  Best  et  al.,  2008,

McNamara et al., 2011).

Narrative  texts  are  proposed  to  provide  meaningful  organizing  structures  (e.g.,  Negrete  &

Lartigue,  2010;  Strube,  1994)  that  help  activate  prior  knowledge  (e.g.,  Leipzig,  2018;  Maria  &

Johnson, 1989) and integrate information (Negrete, 2005; Prins et al., 2017). For these reasons, they

can be particularly useful as scaffolding tools for beginner or struggling learners (e.g., Gilbert et al.,

2005; Klassen, 2007; Mutonyi, 2016).
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Narratives have been successfully used to derive science teaching methodologies for preschool

(e.g., Kalogiannakis & Violintzi, 2012; C. Morais, 2015) and primary school (e.g., Corni et al., 2014)

students. Additionally, it has been shown that high-school students with very little prior knowledge

were  able  to  develop adequate  scientific understanding through science  narratives  (Prins  et  al.,

2017), or were the only ones demonstrating learning gains (Flynn & Hardman, 2019). Yet, significant

correlations  between prior  knowledge  and  learning  through  science  narratives  were  not  always

found (Wilcken, 2008). When compared to expository texts, results are mixed. Even though text type

did not have an overall impact in the learning and memory of undergraduates, it interacted with their

prior  knowledge:  students  with  minimal  prior  knowledge learned  better  with  the narrative,  and

students with higher knowledge learned better with the expository text (Wolfe and Mienko, 2007).

Prior knowledge did not correlate with narrative text recall,  but it correlated with expository text

recall (Wolfe & Mienko, 2007; Wolfe & Woodwyk, 2010). Middle-school students who had previous

contact with the topic also benefited less from the narrative texts (Arya & Maul, 2012; but prior

knowledge was not directly measured). However, younger middle and primary school students all

benefited  more  from  the  narrative  text,  regardless  of  age  and  prior  knowledge  (Browning  &

Hohenstein, 2015; Maria & Johnson, 1989).

There is  also some evidence that  narratives may be used as  scaffolding  tools  for  struggling

learners. In Reuer (2012), narratives were on average more effective for learning than textbooks, but

especially so for average and low achievers, a pattern matched by the students’ own perceptions.

Narrative  texts  also  improved  the  learning  of  below-average  and  average  achieving  students

(Hadzigeorgiou et al., 2012; Hong & Lin-Siegler, 2012; Lin-Siegler et al., 2016). Yet, in one study it did

not particularly benefit struggling readers (Maria & Junge, 1993).

Affective  Dispositions. Even  though  affective  processes  have  received  less  attention  than

cognitive ones in science learning research, their impact has been documented (e.g., engagement,

Fredricks et al., 2018; self-efficacy, Britner & Pajares, 2006; emotions, Sinatra et al., 2014).

Narratives have been consistently  suggested to have a  positive effect  on students’  affective

dispositions (e.g.,  Avraamidou & Osborne, 2009; Bruner,  1986; Norris  et al.,  2005).  Studies using

science narratives report  a range of  results  in support of this  idea. Students seem to react with

interest  to  the  reading  (e.g.,  Arya  &  Maul  2021;  Hadzigeorgiou  et  al.,  2012)  and  writing  (e.g.,

Evangelista & Zimmermann, 2008; Tomas et al., 2011) of science narratives. Students’ engagement

was also manifest by the expressiveness of their drawings about the narrative-based intervention (C.

Morais,  2015).  Moreover,  students  described  the experience of  reading  (e.g.,  Prins  et  al.,  2017;

Reuer, 2012) or writing (Ritchie, 2008; Ritchie et al., 2011; Tomas et al., 2011) science narratives as
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enjoyable and engaging, writing more (Hadzigeorgiou et al., 2012) and more positive (Akarsu et al.,

2015) journal entries than students in the expository text condition. High levels of immersion during

narrative-based science learning activities were also reported (McQuiggan et al., 2008; Murmann &

Avraamidou, 2014). Finally, students with low self-reported levels of interest in science increased this

interest by reading narratives about scientists’ struggles (Hong & Lin-Siegler, 2012), and one study

found a significant positive correlation between students’ interest in the narrative texts and their

performance on an science exam (Reuer, 2012).

Interventions  with  science  narratives  have  also  reported  behaviours  suggestive  of  active

learning,  an  intrinsically  motivated  type  of  learning  (Deci  &  Ryan,  1982)  expressed  through

autonomy, initiative, and responsibility for one’s learning (Kane, 2004). Students were curious (e.g.,

Akarsu et al., 2015; Morais et al., 2019), participated actively (e.g., Evangelista, 2008; Kokkotas et al.,

2010), engaged in the preparation and execution of tasks (e.g., Klassen, 2007; Kokkotas et al., 2010;

Vrasidas  et  al.,  2015)  and spontaneously  wrote  stories  (Akarsu et  al.,  2015)  and planning notes

(Klassen, 2017). Students also showed interest in learning more about the science topic (Evangelista,

2008; Rosa, 2010) and proactively made additional research on it (Evangelista, 2008; Hadzigeorgiou

et al., 2012).

Some studies found evidence that learning with science narratives impacted the willingness and

belief in the capacity to achieve by positively affecting the ratings of self-efficacy (McQuiggan et al.,

2008; Tomas et al., 2011) and self-confidence (Flynn & Hardmann, 2019).

Finally, many authors contend that the science learning gains prompted by narratives are in part

due to its ability to involve readers emotionally, particularly with the thoughts, feelings, and actions

of  characters  (e.g.,  Banister  &  Ryan,  2001;  Hadzigeorgiou  et  al.,  2012;  Lin-Siegler  et  al.,  2016;

Murmann & Avraamidou, 2014). Emotions are a fundamental part of the narrative experience (e.g.,

Bruner, 1986; Egan, 2005; Oatley, 2016) and it is known that understanding non-science narratives

recruits a wide brain network (e.g., Mar, 2004; Mason & Just, 2009; Xu et al., 2005) that includes

areas related to emotional processing, perspective-taking, and theory of mind.

Studies with science narratives offer some concordant evidence. A range of emotional responses

has been observed: enthusiasm and excitement (e.g., Hadzigeorgiou et al.,  2012; Vrasidas et  al.,

2015); laughter (Banister & Ryan, 2001; Klassen, 2007);  comments of how enjoyable and fun the

intervention  was  (Murmann  &  Avraamidou,  2014;  Tomas  et  al.,  2011);  and  other  emotionally-

charged appraisals (Mutonyi, 2016). Some studies offer evidence of students’ emotional involvement

with the text’s characters, whether they were scientists (e.g., connecting with the scientist’s life and
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work,  Hadzigeorgiou  et  al.,  2012;  Lin-Siegler  et  al.,  2016)  or  fictional  characters  (adopting  the

character’s point of view, Jetton, 1994; Murmann & Avraamidou, 2014).

Cognitive Abilities. Studies with science narrative texts also mention cognitive abilities that have

an established role in the comprehension of narratives (e.g., attention: van den Broek et al., 1999;

mental imagery; Sadoski et al., 1990) and expository science texts (e.g., attention: van den Broek,

2010; working memory: Linderholm et al., 2002).

Narratives are thought to capture attention because they centre on human action (e.g., Bruner,

1986; Banister & Ryan, 2001; Corni et al., 2010). Studies that used science narratives reported that

students were more focused and attentive than in regular classes (Hadzigeorgiou et al., 2012; Morais

et al., 2019; Murmann & Avraamidou, 2014).

One study comparing science narrative and expository texts directly examined working memory

(Wolfe & Mienko, 2007), namely, the processes involved in the maintenance and manipulation of

information during cognitive tasks (Baddeley & Hitch, 1974). Contrary to previous studies cited by

Wolfe and Mienko (2007), on both expository texts (e.g., Linderholm & van den Broek, 2002) and

narrative texts (e.g.,  Hambrick & Engle, 2002), working memory did not predict learning or recall

from either text.

Some  studies  with  science  narrative  texts  offer  evidence  on  the  engagement  of  mental

imagery/visualization abilities. Students claimed to have been able to visualize invisible concepts that

were difficult to understand (Akarsu et al., 2015) and that traditional school texts did not promote

visualization the same way narrative texts did,  making them less memorable (Prins et al.,  2017).

Students also described elaborate mental images of the stories, seemingly using them as a basis for

understanding the learning activity (Murmann & Avraamidou, 2014; Vrasidas et al., 2015). One study

(Wilcken, 2008) found that narrative texts with concrete details were more easily understood and

remembered than more abstract  narratives,  possibly  due to an enhancement of  mental  imagery

(e.g., Driscoll, 2000, cited by Wilcken, 2008).

Imagination  is  proposed  to  encourage  processes  that  can  aid  the  learning  of  complex  and

counterintuitive  science  contents,  such  as  divergent  thinking  (Browning  &  Hohenstein,  2015),

suspension of disbelief (Alvermann et al., 1995; Browning & Hohenstein, 2015), and the envisioning

of different realities (Bruner, 1986; Gilbert et al., 2005), including scientists’ own reality (e.g., Arya &

Maul, 2012). In some studies, using science narrative texts, teachers (e.g., Klassen, 2007; Vrasidas et

al., 2015) and students (Tomas et al., 2011) claimed that these materials allowed students to exercise

imagination to a greater extent than traditional activities.

52



The  use  of  imagination  is  thought  to  be  closely  connected  to  the  interpretative  nature  of

narrative texts, as readers must draw on their imagination to fill  parts that are ambiguous or left

unanswered (e.g., Bruner, 1986; Klassen, 2007; Negrete & Lartigue, 2004). This interpretative effort is

proposed to trigger high-level abilities such as abstraction, thinking and reflection (e.g., Bruner, 1991;

Klassen, 2007; Rosa, 2010). In some studies, specific kinds of narrative (personal, Skydsgaard et al.,

2016; historical, Evangelista, 2008; science-fiction, Vrasidas et al., 2015) helped students reflect and

develop critical thinking skills.

Finally, specific features from these texts should engage abilities not directly discussed in studies

using  science  narratives,  such  as  inference  generation  and  executive  functioning.  Namely,  filling

ambiguous  or  unanswered  parts  should  involve  inference  generation,  processing  multiple

perspectives (Bruner, 1996) can engage cognitive flexibility, and event sequentiality (e.g., Negrete &

Lartigue, 2004; Norris et al., 2005; Reuer, 2012) might trigger planning abilities. These abilities are

deemed crucial to learn from text by the C-I model (Kintsch, 1998). They have been often compared

in non-scientific narrative and expository texts, but have been reported to be more important for the

comprehension of the latter (e.g., Eason et al., 2012; Wu, 2020).

2.7. Discussion

The  current  theoretical  review  had  a  twofold  aim:  to  examine  if  science  narrative  texts  have

consistently benefited learning and/or memory outcomes (the “If” question) at different educational

levels, and to provide an overview of aspects that characterize the learning process leading to such

outcomes (the “How” question). These aims were grounded on three theoretical frameworks based

on concepts from pedagogy, text linguistics, and cognitive psychology.

The “If” question revealed encouraging results for the use of science narrative texts. Students

from different educational levels benefited from narrative texts in memory and learning outcomes.

However,  this  advantage  was  particularly  marked  in  delayed  assessments  and  in  longer-lasting

interventions.  Despite  the  strong  pragmatic  association  between  narrative  texts  and  younger

students, these results suggest that narrative texts can be appropriate science education tools to

students of diverse educational levels. However, there is a need for more studies with higher level

students, such as undergraduates.

Despite this overall pattern, it is not always clear which representation level benefited most from

narrative  texts,  partly  because  they  were  not  always  differentiated  in  the  studies.  Importantly,

narrative texts did not always provide an advantage to expository texts.  This  lack of consistency
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contradicts the idea of a single narrative effect. We further argue that such a narrative effect fails to

consider  the  multifaceted  nature  of  the  learning  process,  which  is  further  highlighted  by  the

unavoidable variability of conditions between different studies.

In the “How” question, we provided an overview of conditions and processes that are part of the

learning  process  and  may  impact  its  outcomes,  attempting  to  connect  them  with  evidence  on

learning  outcomes  whenever  possible.  As  regards  conditions,  we  discussed  how  different  text

features can differ in science narrative texts, how aims and duration can differ in learning activities,

and  how  readers’  social  and  cultural  identities  can  vary.  As  for  processes,  we  discussed  how

integration with prior knowledge, affective dispositions and cognitive abilities can be engaged by

science narrative texts. This mapping stems from the three theoretical frameworks.

Based  on  our  analysis,  we  propose  that  education  and  research  should  focus  on  specific

narrative effects, that specify with what (texts), with who (learners), when and where (activities and

wider context) these effects occur.

We should, however, keep in mind that these conclusions derive from a theoretical review, in

which we mainly attempted to understand the narrative effect in relation to science learning. In the

“If” question, we made a restricted analysis, focusing on the (in)consistency of previous results, and

not a comprehensive analysis of the existing literature. This choice reflects a set of difficulties. First,

as already commented on in the Method, developing a unified search strategy proved difficult. In

addition, we wanted to include various types of data, stemming from quantitative, qualitative, and

mixed  methods  studies,  as  well  as  from  masters’  theses  and  PhD  dissertations.  Satisfactorily

integrating  quantitative  and  qualitative  data  in  systematic  reviews  can  prove  challenging,  and

including data from different research levels likely introduces varying levels of rigour. Combined,

these issues may arguably increase a false sense of precision.  Despite these challenging aspects,

future studies may use our theoretical proposal to perform mixed methods syntheses (e.g., Heyvaert

et al., 2013), providing systematic reviews that combine qualitative and quantitative evidence and

research elements, and hence add systematicity and comprehensiveness to our approach. As regards

the “how” question, our goal was even wider in breadth, as we were interested in providing an

overall  and  exploratory  overview  of  the  conditions  and  processes  underlying  learning  science

through narrative texts. Again, future studies may benefit from our qualitative suggestions to provide

more systematic reviews.

In addition, although we considered theoretical concepts from three different domains, we did

not provide a fully unified and integrated theoretical frame, which, although was not the purpose of
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the current work, could undoubtedly be useful. Our interpretations and the reach of our findings are

necessarily limited by these choices.

Nevertheless, in addition to supporting the interpretation of previous results, the theoretically-

grounded  mapping  we  provided  can  also  contribute  to  design  future  education  practices  and

interventions,  as well  as research.  Embracing  these different features of  the process  of  learning

science  through  narrative  texts  can  also  help  bring  together  multidisciplinary  educators  and

researchers interested in these educational tools. We provide some recommendations below.

2.7.1. Recommendations for Research

According to RAND, it is important to distinguish what readers take from the activity (i.e.,  which

outcomes) from what they bring to the activity (i.e., which underlying processes). Whereas there are

several  evidence on the former,  which is  particularly  interesting for  educators,  the latter is  less

understood, and researchers can help shed light on it. Examining how features from texts, learners,

and activities impact learning from science narrative texts can thus provide valuable insight as to in

which conditions and why these materials work.

It is clear from the hints we gathered and linked, that ideas and proposals about why narrative

texts can improve science learning have not been tightly connected to evidence. For example, is

increased  mental  imagery  what  makes  concrete  details  improve  memory  and  learning?  Is

visualization more important when learning from some science topics? And how do these elaborate

images specifically promote content learning? Another example is the claim that science narrative

texts allow students to exercise imagination to a greater extent than traditional activities. How does

the use of imagination promote science learning? Is it by activating divergent thinking, as it has been

suggested?  At  the  same time,  many  abilities  that  have  been  extensively  investigated  with  non-

science narratives have not been addressed, or even mentioned, in studies using science narrative

(e.g., perspective-taking; inference generation; executive functioning). More directed research can

help fill in the gaps.

It is also noteworthy that many justifications for the use of science narrative texts as learning

tools stem from theoretical or empirical works using more conventional, non-science, narratives. The

latter body of literature can certainly provide interesting sources for future research. Yet, science and

non-science narrative texts differ in important ways, namely in terms of their connections to wider

sociocultural  practices such as learners’  conceptions of  textual  genres.  Because of  this,  they can

engage abilities very differently. In a related vein, researchers should also consider the difference
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between  sequences  and  textual  genres.  It  is  perfectly  fine  to  develop  and  investigate  highly

prototypical narrative materials, but any conclusions drawn should pertain to the level of (narrative)

sequences, and not to be generalized to a textual genre as a whole. Instead, more experimental

research can benefit from focusing on specific and well-defined text features.

As  science narrative texts contradict  socially-based expectations,  they may activate different

processing strategies. It would be interesting to check whether resulting conflicts can be minimized,

or even activated in a complementary manner. Another activity-related aspect worth examining is

why narrative learning gains are less evident in shorter interventions.

In  addition,  the effectiveness  of  any feature  will  likely  vary  according  to  variability  in  other

features, so these interactions are important to keep in mind. It would be important to ascertain

what narrative features are more likely to engage specific processes, among which readers and using

which activities. For instance, examining which features promote deep thinking and reflection would

inform how to build or select science narrative texts that are appropriate for more complex learning

and knowledgeable learners. It would also be very relevant to examine which kind of processes are

engaged by science narrative texts that bring out social and cultural elements of science, and how

they can improve content learning. This would both shed light on how the learning of students from

diverse  backgrounds  benefits  from science  narratives,  and  on  how understanding  the  nature  of

science improves learning.

Finally,  even  though  the  C-I  model  has  privileged  the  investigation of  expository  texts,  the

interest in using narrative texts as science education tools should spark more research on these texts

based on the C-I model.

2.7.1. Recommendations for Educational Practices

Educators have frequently pointed out a set  of  challenges to science learning that can easily  be

connected to text, reader, activity and sociocultural aspects of learning. The language of texts is seen

as dense and technical (e.g., Plavén-Sigray et al., 2017; Snow, 2010); readers find many science ideas

unfamiliar or even counter-intuitive (e.g., Browning & Hohenstein, 2015; Gilbert et al., 2005); the

framing discourse of learning activities is authoritative or even dogmatic (Kloser, 2013; Negrete &

Lartigue, 2004); and education is generally decontextualized from human and cultural aspects (e.g.,

Harper & Kayumova, 2022; Sánchez Tapia et al., 2018; Solomon, 2002). The features tackled in the

“How” question can therefore help address these challenges.
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When selecting or creating narrative texts for science education it is important to consider the

ways in which they connect readers and activities to the wider context. For instance, fiction can be

used  to address  complex  or  counterintuitive ideas  and  may  engage  students  as  well  as  prompt

positive emotions; however,  these elements can also distract students or induce misconceptions.

Educators should ensure that fictional elements are well weaved with science contents, in a coherent

and contextualized way.

Historical  and  discovery  narratives  can  help  educators  contextualize  science  within  a  more

human context. These insights can help reduce damaging misconceptions about what science is and

who gets to do it,  building more inclusive science education practices. For example, realistic and

accessible  depictions  of  scientists  can  help  readers  from  varied,  often  marginalized,  social  and

cultural  identities  connect  to  science.  Narrative materials  can also be a means for  educators  to

connect science learning activities with students’ immediate (e.g., neighbourhood) and wider (e.g.,

current world affairs) contexts.

Narrative texts may, however, activate conflicting goals in learners. To tackle this, educators can:

make explicit the connections between a text’s structure, content, and function; explain that these

features are flexible; and develop study strategies using narrative materials from early-on. This, in

turn,  will  enable  students  to  consciously  adjust  their  expectations  and  adopt  a  more  flexible

approach to comprehension (Snow, 2002). Entertainment and instructing goals should be easier to

reconcile in longer interventions, which provide more opportunities to alternate between the two

and to integrate information. Educators may also reinforce the connections between formal and non-

formal settings, taking advantage of the lower restrictiveness of the latter to use narrative-based

activities (e.g., Littrel et al., 2022; Murmann & Avraamidou, 2014).

As the latter are not always viable, when planning activities, educators should at least consider

the impact that certain narrative materials might have on student’s cognition. This impact can be

manifold and interact  with education materials  and activities in important ways. To name a few

examples,  educators  can use narrative texts  as scaffolding tools  with less knowledgeable and/or

struggling  learners,  but  also  to  promote  critical  thinking,  reflection,  and  autonomy.  Narrative

materials  can also be used to capture  learners’  attention,  interest  and emotions,  and to trigger

mental imagery and imagination. Yet, the extent to which and the conditions in which (e.g., what text

features) such processes are engaged has still to be further determined by research, which may then

further inform the design and adaptation of educational practices.

Finally, when building assessment measures, educators can benefit from distinguishing between

different levels of comprehension, and the C-I model can be a useful referent.
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2.8. Conclusion

One  way  to  address  science  learning  challenges  is  by  tightening  science  contents  and  literacy

processes. Tackling such challenges and building more tailored practices can benefit from recognizing

and embracing the multifaceted nature of learning. Narrative texts are a flexible educational tool

that can help achieve such goals, as they connect the learners, the texts, the activities and the wider

context in several and important ways. They have also been shown to improve the memory and

learning outcomes of students at various educational levels, albeit not consistently. Together, these

results suggest that learning from science narrative texts should be approached as a multitude of

specific narrative effects that capture the complex interactions between the different elements of

the learning process, instead of a single, overarching, narrative effect. Under this view, education and

research should focus on what (texts), with whom (learners), when and where (activities and broader

context)  narrative  materials  can  be  used  as  effective  science  learning  tools.  A  multidisciplinary

theoretical  framework  combining  complementary  fields  can  thus  be  pivotal  when  developing

practices and research based on this educational tool.
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CHAPTER 3

Developing science learning materials

This chapter was based on the following manuscript: Soares, S., Simão, C., Gonçalves, M., Barata, R.,

Jerónimo, R., & Kolinsky, R. (2022). How Did They Do It? The Impact of Narrating Science on Learning.

[Manuscript submitted for publication to  Science Education],  CIS-Iscte,  Iscte–Instituto Universitário

de Lisboa.

In this chapter, we included part of the main manuscript, namely the section pertaining to “Building

and pretesting materials”, and most of its supporting material.

Part of the results described in this Chapter were presented at the following conference: Soares, S.,

Jerónimo, R., & Kolinsky, R. (2019, May 16-17). How did they do it? Incorporating discovery elements

in science texts [Oral presentation]. XV PhD Meeting in Psychology, Lisboa, Portugal.

3.1. Abstract

Narrative texts have been advocated as tools to tackle science learning challenges, and there is even

the proposal of a “narrative effect” on learning, compared with the more traditional expository texts.

However, there is much we still do not known about this tool, such as the conditions in which science

narrative texts can prove beneficial to science learning, and the processes by which this learning

occurs. To examine these questions, we built and pretested a set of narrative and expository texts, as

well as corresponding learning measures, from different science topics, throughout two years. First,

we ran an exploratory pretest, with the goal  of testing a first attempt at material  and paradigm

building  and  collecting  qualitative  feedback.  Performance  was  very  low  across  text  types,  but

participants provided valuable qualitative insights regarding the texts. Then, we tested new materials

from  chemistry  and  biology.  The  biology  topic  was  dropped  because  participants  were  mostly

drawing on related prior knowledge to answer the learning measures. A series of further analyses

were performed for the chemistry responses. Finally, we conducted a think aloud protocol with the

updated Chemistry materials and newly built Math materials. Learning scores were similar between

these two topics and within and between text types, even if math texts were perceived as more

complex and difficult than chemistry texts, but overall more familiar. The final materials were used in
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the main experiment of the manuscript on which this chapter is based, which is presented in Chapter

4.  As  already noted by  other  authors,  the process  of  building  science learning  materials  proved

challenging.

Keywords:  science  learning,  science  education  materials,  narrative  texts,  developing  materials;

pretests; think aloud

3.2. Introduction

We aimed at providing information on the process of development of the used learning materials

(e.g.,  Flynn & Hardman, 2019; Klassen, 2009),  as we believe it  to be valuable for educators and

researchers in education. The final materials were developed based on these inputs.

All materials were built in collaboration with several experts. On the one hand, it was important

to guarantee that texts fell within the targeted text types, namely narrative texts (NT) and expository

texts (ET), which was ascertained by one of the authors, who is a text linguist (e.g., Gonçalves, 2019).

On the other hand, we needed to ensure that the texts’ contents were scientifically and historically

accurate. This was evaluated by science experts, which included one of the authors (e.g., History of

Science;  Math;  Chemistry;  e.g.,  Martins-Loução,  2020),  through  scales  that  measured  a  set  of

parameters  (clarity/legibility,  accuracy,  completeness,  complexity,  density  of  information,

coherence). We also relied on these experts’ experience in science education to evaluate the learning

measures (clarity/legibility,  complexity,  correspondence with  the text’s  contents,  correspondence

with the targeted level of understanding). More qualitative and thorough feedback on the materials

was provided in meetings.

We ran three pretests, all of which approved by the ethics committee of the university where

they took place (agreement 25/2017). Participants did not take part in more than one pretest nor in

the main study. We started by running an exploratory pretest, with the goal of testing a first attempt

at material and paradigm building and collecting qualitative feedback. We then built and tested texts

from two fields (Chemistry and Biology) and corresponding learning items. Finally, we conducted a

think aloud protocol with the updated Chemistry materials and newly built Math materials.

3.3. Pretest 1. First Exploratory Pretest
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3.3.1 Method

Participants. We examined 15 university students (93% women; Mage = 21.5 years, SD = 3.4).

Materials.

Texts. The texts’ topic was the medicinal Cinchona sp. plant and mingled contents from different

fields (Botany: e.g., taxonomic classification; Chemistry: isolation of chemical compounds; Physiology:

symptomatology). The NT version focused on the life and actions of Bernardino António Gomes, a

relatively obscure physician and scientist who isolated for the first time one of the plant’s chemical

compounds, the cinchonine. It provided details about his life not directly connected to the scientific

contents,  historical  details  about  previous  European  contacts  with  the  plant,  and  the  scientist’s

thoughts  and  actions,  which  included  some  instances  of  fictionalized  discourse.  This  passage

illustrates the NT version: “As soon as Bernardino arrived in Brazil, and for the next four years, he

walked through the humid forests everyday, under strong precipitations and hot temperatures. He

would carefully collect several species of flora with medicinal properties (or so he hoped), which

found there the ideal conditions to proliferate.”

The ET version contained the same scientific contents but provided only a brief historical context

and did not centre on the scientists’ actions. This passage illustrates the ET version: “The Cinchona

can  be  found  in  humid  forests,  which  are  characterized  by  strong  precipitations  and  hot

temperatures (e.g., such as the ones found in Brazil). This combination of climatic features creates

the ideal conditions for the proliferation of several species of flora with medicinal properties.”

Text Evaluation.  Participants were required to evaluate the texts on several parameters on a

scale from 1 to 7, where 1 corresponded to a low evaluation of that parameter and 7 to a high

evaluation (see Table 3.1).

Learning Measures. A total of 13 questions tapped into different levels of comprehension: recall,

connective  inferences,  predictive  inferences,  and  application  in  novel  situations.  Answers  were

scored from 1 to 4 points, depending on the number of correct elements or ideas presented. Ideas

with imprecisions were given 0.5 points.

Ancillary Tests. We used a set of ancillary tests that would be used in the main experiment,

namely  the  Teste  de Idade de Leitura  (Reading Age Test),  the  Author Recognition Test  and the

Scientist  Recognition  Test,  the  reading  experience  and  habits  questionnaire,  the  perceived  prior

science knowledge questionnaire, and the sociodemographic questionnaire. We also collected some

mentalizing information, by asking participants which traits they ascribed to the scientist, what could
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have  been  some of  the  scientist’s  thoughts,  and  what  could  have  been  some of  the  scientist’s

feelings. The latter task was eventually dropped.

Qualitative Feedback. We collected participants’ feedback on the materials and the paradigm

(see examples of questions in Table 3.2).

Table 3.1. Parameters of Text Evaluation Scales

Parameter Question

Clarity On a scale of 1 (not clear at all) to 7 (very clear) please rate how clearly the contents
were presented

Novelty of information On a scale of 1 (not novel at all) to 7 (totally novel) please rate how novel the contents
were for you

Comprehension difficulty On a scale of 1 (not difficult at all) to 7 (very difficult) please rate how difficult it was for
you to understand the text

Interest On a scale of 1 (not interesting at all) to 7 (very interesting) please rate how interesting
you found the text

Richness of vocabulary On  a  scale  of  1  (very  poor)  to  7  (very  rich)  please  rate  how  rich  was  the  text’s
vocabulary

Diversity of vocabulary On a scale of 1 (repetitive) to 7 (diversified) please rate how diverse was the text’s
vocabulary

Syntax (sentence construction) On  a  scale  of  1  (very  bad)  to  7  (very  good)  please  rate  the  quality  of  the  text’s
sentences

Cohesion (sentences) On a scale of 1 (totally disperse) to 7 (totally related) please rate how well connected
the sentences were among themselves

Local Coherence (ideas) On a scale of 1 (totally disperse) to 7 (totally related) please rate how well connected
the ideas were among themselves

Global Coherence (text as a 
whole)

On a scale of 1 (totally fragmented) to 7 (totally integrated) please rate the extent to
which you felt that the text was a unified whole

General  Procedure. Participants  started  by  completing  all  ancillary  tests  (except  for

sociodemographic measures), after which they read the (randomly assigned) text with the purpose of

evaluating its  quality  (e.g.,  Arya  & Maul,  2012).  They then completed the evaluation scales,  the
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learning measures, and the mentalizing information. The session ended with the sociodemographic

questionnaire and individual qualitative feedback. The session lasted about one hour.

Table 3.2. Examples of Questions Used to Gather Qualitative Feedback in Pretest 1

Type of question Examples

General comprehensibility – Did you feel uncomfortable reading about science topics you may not know much
about?

– What did you think about the text’s length?

Text type differences – Was the [expository] text similar to what you might find in a schoolbook?

– How did you feel about the inclusion of narrative elements?

Learning measures – Was it difficult to answer the learning measures?

– Did you feel more difficulties in certain types of question? Which ones?

Reading context – If you had to study for a test, would you use this text? Why?

– If you wanted to learn more about these topics in your free time, would you read
this text? Why?

3.3.2. Results

Perceived Prior  Science Knowledge. As expected,  participants rated as low their  perceived prior

knowledge of the texts’ topics (M = 1.3, SD = 0.4) as other science topics (M = 1.5, SD = 0.5).

Text Evaluation. No differences were found between Pretest 1 text types (p > .1 for all the evaluated

parameters).

Learning Measures. We were mainly interested in obtaining an overall view of the materials and

paradigm, so even though statistical tests were also performed, they were not the main focus at this

stage. Overall, performance was extremely low. A Kruskal-Wallis test showed that the average scores

did not vary across text type (NT: M = 0.37; SD = 0.65; ET: M = 0.31; SD = 0.5; H(1) = 0.07, p = .792), but

they did across comprehension levels (H(3) = 10.55, p = .014). Mann-Whitney tests revealed that recall

questions led to significantly  higher scores (M = 0.44;  SD = 0.65)  than inference and application

questions (M = 0.25; SD = 0.51; U = 5711 ; p = .002), as did questions which only required information

explicit in the text (recall and connective inferences, M = 0.41; SD = 0.65), as compared to questions
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which required extra-text information (predictive inferences and application, M = 0.18; SD = 0.36; U =

4825; p = .007).

Qualitative Feedback. All participants from Pretest 1 reported difficulties in distinguishing central

from accessory information, and in retaining specific and technical information. Many also expressed

lack of interest in the topics, and that they were not expecting to have to answer specific or technical

questions (i.e., the learning measures).

Those  who  read  the  ET  version  highlighted  comprehension  difficulties  stemming  from  the

unfamiliarity of the concepts and from the quantity, diversity and specificity of information, troubles

paying attention to technical names, and reported focusing on certain parts of the text in detriment

of others. Whereas some participants found the ET similar to science school manuals, others thought

it was clearer. They also reported difficulties answering the learning measures, regardless of the type

of question (e.g., recall vs. interpretation).

Participants of Pretest 1 who read the NT, whose feedback we were particularly interested in,

declared they had no difficulties in extracting a global idea of the text, yet struggled to retain specific

scientific  information.  Some  participants  said  that,  because  it  was  a  narrative,  they  tried  to

understand the general outline, the order and logic of the events and the character’s life. This is in

line with the results of former studies reporting that young adults display greater adherence to the

text’s structure and order following NT reading compared to ET reading (e.g., Wolfe & Mienko, 2007),

which is suggestive of the activation of different reading strategies (e.g., Hidi et al., 1982; Rastier,

2001; Zwaan, 1994). Participants of Pretest 1 also reported that some narrative details (e.g., about

the scientist’s life) attracted their attention further, interfering with comprehension. This agrees with

the  results  of  previous  studies  that  have  investigated  the  impact  of  seductive  details  (i.e.,

entertaining/interesting yet irrelevant information, e.g., Garner et al., 1989), which further reported

that interference of these details on learning is related to factors such as overall  coherence and

context-dependency (Lehman et al.,  2007).  Scientific information should therefore be intertwined

with narrative information, and be central for the story’s development (e.g., Frisch, 2000; Glaser et

al.,  2009).  However,  some  participants  of  Pretest  1  expressed  that  narrative  and  scientific

information were interspersed, and that this made the text seem disperse and hard to follow.

Crucially,  some  participants  viewed  narrative  information  about  the  discovery  process  as

enhancing both comprehension and interest, as well as a connective element between the narrative

and scientific information. They also found that personalizing processes (i.e., presenting explanations

based on the scientist’s actions) was useful, because it provided them with applied examples. These
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comments are in line with claims put forward by authors who have used science NT focused on the

scientist and argue that bringing learners closer to scientists’  actions can promote attention and

comprehension  (e.g.,  Arya  & Maul,  2021;  Hong & Lin-Siegler,  2012).  Although  most  participants

found the NT easier to read, they also made clear that they would use this text if they wanted to

extract a general idea of the topic (e.g., as a door opener), but would rather use a more conventional

ET to study or learn more deeply about it (similar comments are reported by Prins et al., 2017).

3.3.3. Discussion of Pretest 1

This exploratory pretest had the goal of testing a first attempt at material and paradigm building and

collecting qualitative feedback. The texts mingled contents from different fields (Botany, Chemistry,

Physiology). Overall, the evaluation of the texts met our expectations (e.g., information was novel

and somewhat challenging) and were similar for both texts. Performance was similarly low across

text types, with many non-responses and errors. Participants provided valuable qualitative insights

that were line  with  previous literature,  namely  regarding the quantity  and diversity of  technical

information and the kinds of narrative information that were more useful or more distractive.

Overall, Pretest 1 was useful to get a grasp on how to build a science narrative, corresponding

learning measures, and scoring guides, as well as to refine our criteria for building the materials. We

also  had  the  chance  to  test  most  of  the  ancillary  tests,  as  well  as  the  general  paradigm.  The

quantitative data made clear that whereas texts were equivalent in a series of relevant parameters,

they were not efficient learning tools, as illustrated by the poor scores observed on the learning

measures. Qualitative feedback provided additional insights that helped identify both problematic

and positive  aspects.  It  became apparent  that  participants  activated different  reading strategies

according to text type: the NT seemingly prompted a more generalized grasp of the texts’ contents,

while also invoking some resistance as an educational tool. We became aware of the need to present

fewer and less diversified science contents, and that scientific information and narrative information

were not intertwined, but instead interspersed. Additionally, some narrative information seemed to

have worked better, whereas other may have been detrimental to comprehension of the scientific

contents. Learning measures were too demanding or ambiguous, and scoring guides could benefit

from further  elaboration.  Finally,  it  was also deemed useful  to  include a  measure of  interest  in

science in future studies, and to rethink the reading instruction

3.4. Pretest 2: Testing Science Topics

65



3.4.1. Method

Participants. We examined 51 university students (71% women; Mage = 19.18 years, SD = 1.27).

Materials.

Texts. Even though the contents of the text used in Pretest 1 were pretty much unknown, which

was in line with our aim, it was difficult to find detailed information about the scientist’s actions, so

we decided to switch to other topics. We built materials on several different topics, putting into

practice the idea of presenting the science contents through the actions of the scientists. This could

include discovery or application of scientific ideas, practices and/or instruments. Three topics ended

up not  being  pretested:  William  Herschel’s  discovery  of  the  infrared  radiation,  Edward  Jenner’s

development of the vaccine, and Lise Meitner’s discovery of nuclear fission. Although the first two

provided a detailed process of  discovery that easily  fit  the “scientific narrative” category,  it  was

difficult to intertwine more demanding science contents (properties of light waves and physiological

mechanisms  of  vaccination,  respectively)  within  this  process,  because  this  was  not  what  these

scientists  discovered  or  dealt  with  directly.  Nuclear  fission  was  dropped  because  its  process  of

discovery  involved  a  strong  theoretical  component  and  because  we  experienced  difficulties

developing application questions. Fictionalized direct discourse and other more literary devices were

eventually dropped by suggestion of our linguistics collaborator, according to what she learned in her

research with textual corpora on science communication (e.g., Gonçalves, 2019).

Two texts  were eventually  used in  Pretest  2.  One was a  Biology  text  about  transposons or

jumping genes. The NT version of the Biology text highlighted how Barbara McClintock’s research

eventually led her to the discovery of these genes. This passage illustrates the NT version: “However,

the method Barbara used did not allow her  to properly visualize  and differentiate all  the corn’s

chromosomes, so she decided to improve it.  Before placing the cells  under the microscope,  she

stained them with a red substance; this way, the structure of the chromosomes became accentuated

and Barbara was able to visualize each individual chromosome under the microscope.”

The  ET  version  contained  the  same science  contents  but  was  not  written  according  to  her

actions.  This  passage  illustrates  it:  “The  improvement  of  the  method  that  allowed  for  the

visualization  and  differentiation of  chromosomes  was  carried  out  by  Barbara  McClintock,  and  it

consists in staining the cells with a red substance before placing them under the microscope. This
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results  in  the  accentuation  of  the  chromosomes’  structure,  enabling  the  visualization  of  each

individual chromosome.”

The other was a Chemistry text, which dealt with the concept of molecular chirality. The text

explained that crystals can have the same molecular composition but different molecular structures,

providing  two  specific  examples  and  describing  methods  that  can  be  used  to  examine  these

parameters. The NT version was built around Louis Pasteur’s discovery of molecular chirality. The NT

version of the text can be illustrated in the following passage: “Louis used different methods to study

these organic compounds: First, he calculated the atomic weight of the molecules that made up the

crystals  and wrote down the values on his  notebook.  Next,  he  dissolved the crystals  in  a liquid

solution, as to compare their solubility, and wrote down the values as well”. The ET version once

again contained the same science contents, but it was not framed according the scientists’ actions.

This passage serves as illustration of this version of the text: “Different methods can be used to study

organic compounds (Clayden et al., 2012). Chemical composition can be determined by calculating

the atomic weight of  the molecules that make up the crystals  of  the compounds,  as well  as by

analysing the solubility level of crystals when dissolved in a liquid solution”.  Both texts focused on

five subtopics/concepts.

Text Evaluation. We again asked participants to evaluate the presented information, this time

using  5-point  scale,  because  it  was  deemed easier  to  use  than  a  7-point  scale.  In  the  scale,  1

corresponded to a low evaluation of a parameter and 5 to a high evaluation.

Learning Measures. A total of 12 questions were developed for each topic. The questions tapped

different levels of comprehension, this time following the strategy adopted by Arya and Maul (2012).

Namely, level 1 (L1) questions tapped recall, level 2 (L2) relied on text-based inferences, level 3 (L3)

evaluated the understanding of key ideas, and level 4 (L4) required application in novel situations

(level 4), respectively scored from 1 to 4 points. For open-ended questions (levels 1, 3 and 4), specific

scoring guides were developed to evaluate the quality of response more thoroughly (full score, 0.75,

0.5,  0.25,  0.125).  In  the  case  of  L1  questions,  these  sub-levels  reflected  the  accuracy  and

completeness of the information, whereas in higher levels (3 and 4) they also reflected degree of

elaboration, for instance in establishing connections between ideas or providing explanations.

Ancillary  Tests.  The same set  of  ancillary  tests  as those used in  Pretest  1  was applied.  The

perceived prior science knowledge questionnaire was adapted to include the topics of each text.

General Procedure. The procedure was similar to that of Pretest 1, except that this time we explicitly

instructed participants to try to understand the texts.
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3.4.2. Results

Perceived Prior Science Knowledge. Participants from both conditions rated their perceived prior

knowledge of the texts’ topics as low, although the average level of perceived prior knowledge on

Biology was higher and presented higher dispersion (M = 2.2, SD = 0.9) than that of Chemistry (M =

1.3, SD = 0.3). Knowledge on other topics from the same field was also rated as low (Biology: M = 1.6,

SD = 0.6; Chemistry: M = 2, SD = 0.6).

Text Evaluation. No differences were found between text types (p > .085 in all cases).

Learning Measures. We first collected data from 24 participants (aged 19 years on the average, SD =

0.9; 79% women) and made a global inspection of the learning results. Given the high number of

systematic confusions, errors and non-responses, we decided to make modifications on the materials

of  Pretest  2  by  reworking  parts  of  the  text  and  making  questions  more  direct  or  clearer.  We

presented these modified versions on a fresh group of 27 participants the next day (aged 19 years on

the average,  SD = 1.5; 63% women). Inspection of the Biology learning measures made clear that

most participants were drawing on previous general  knowledge about the field,  instead of using

knowledge acquired from the texts. As such, these results were not analysed further. The Chemistry

results improved from the previous day, so we decided to run a set of analyses on the Chemistry

learning results only.

First,  we analysed  each  participant’s  Chemistry  learning  score  to  get  a  grasp  of  the overall

performance  and  identify  possible  outliers.  As  ascertained  by  Kruskal-Wallis  tests,  averaged

Chemistry learning scores did not differ across text types (NT: M = 0.51; SD = 0.4; ET: M = 0.44; SD =

0.4;  H(1) = 1.14,  p = .286),  nor across comprehension levels (H(3) = 7.05,  p = .07).  There were no

outliers (i.e., participants with a score below 1.5 SD). We then analysed each question individually,

with the purpose of identifying the number of participants who scored above and below the average

value (e.g., 0.5 in a 1-point question). This gave us a sense of the difficulty of the question, and hence

if it should be made easier (if many score below average) or more challenging (if many scored above

average),  and  also  helped  us  identify  which text  parts  seemed  to  be  clear  and  which  did  not.

Moreover,  by  comparing  the  scores  between text  types  we would  also  get  a  sense  of  possible

discrepancies among them. It was important to ensure that there were no huge baseline differences,

as this would suggest that one of the texts was clearly superior in terms of comprehensibility.

68



Figure 3.1. Scatter Plot of the Scores Obtained in a L1 (Recall) Multiple-Choice Question in Pretest 1

Note. Blue squares represent responses from participants who read the ET and pink diamond represent responses from

participants who read the NT. The question was the following: “The tartaric acid and the paratartaric acid have in common:

a) Chemical composition, atomic weight and structure; b) Atomic weight, structure and solubility level; c) Chemical

composition, atomic weight and solubility level; d) None of the above.” The correct answer is marked in bold.

Let us consider the scores obtained in a multiple-choice question from the recall  level as an

example. As illustrated in Figure 3.1, there were four options to answer the question, which referred

to  one  of  the  text’s  crucial  ideas  namely  that  the  two  described  acids  had  the  same  chemical

composition but not the same structure. Because responses were largely distributed among the first

three options, we realized that this crucial distinction had not been well understood by participants.

We decided to score option marked as b) in the note of Figure 3.1 with half point (because it did not

contain both chemical composition and structure), and the scatter plot shows that scores tended to

be higher for participants who read the NT. We also decided to modify the question, namely, to

include only two elements in each option, to rephrase it as “two of the things they have in common”,

and to remove the option marked as d) in the note of Figure 3.1. We further decided to make the

definitions of composition and structure clearer at the beginning of the texts.

Finally, we analysed a set of central tendency and dispersion measures for each question level,

to identify any major discrepancies between levels and across text types. For instance, recall level

questions had higher average scores in the NT condition, as well as a higher median and maximum

score, they also had higher interquartile range and standard deviation and lower minimum score (see

Table 3.3). Additionally, it became clear that participants often misinterpreted details in questions
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and  provided  under-explanations  in  higher-level  questions.  To  try  to  address  these  issues,  we

decided to write in bold key words of the questions, such as “correct”, “contrary to”, or “tartaric”,

and words like “explain” and “justify”.

Table 3.3. Central Tendency and Dispersion Measures for L1 Questions (Recall) in Both Conditions in

Pretest 2

MIN Q1 Q2 Q3 MAX M SD

ET_L1 0.21 0.4 0.55 0.68 0.79 0.4 0.25

NT_L1 0.09 1.27 1.33 1.38 1.43 0.5 0.57

3.4.3. Discussion

In Pretest 2, we built and tested texts from two fields (Chemistry and Biology) and corresponding

learning items. For both topics, the evaluation of the two texts was again very close in all parameters.

Results  were  similar  across  text  types.  A  series  of  analyses  were  performed  with  the  scores

(participant, question, level of question), to get a better sense of the data and to modify texts and

learning measures accordingly.  Given the results,  the Biology topic was dropped, mainly because

participants  were  mostly  drawing  on  prior  knowledge  of  related  topics  to  answer  the  learning

measures.

Building several different materials in Pretest 2 allowed us to get a better sense of what worked

and what did not, and to refine our criteria. Yet, this translated into a very laborious process, making

the construction and use of these materials difficult. This is echoed by other authors, who claim that

writing stories that teach scientific concepts in an appropriate, interesting and condensed fashion is a

demanding and complex endeavour (e.g.,  Gilbert  et  al.,  2005;  Hadzigeorgiou,  2016;  Kerby et  al.,

2018).

The results from Pretest 2 made us realize that the Biology topic was not fit for our purposes.

Perhaps because participants had a slightly higher perceived prior knowledge about this topic, they

felt that the contents were more familiar, and that thus they could draw on previous knowledge to

answer the questions, instead of using the information presented in the text. This agrees with former

observations according to which actual familiarity with the contents (e.g., Wolfe et al., 1998) or the

mere subjective feeling of it (e.g., Garcia-Marques & Mackie, 2001) may trigger more heuristic and
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superficial processing of information, thereby failing to incorporate text information that could be

potentially  learned.  It  is  possible  that  familiarity  had  been  triggered  by  the  presence  of  more

frequent or familiar scientific terms (e.g., genetic information; cell; reproduction). The results also

showed that, on the other hand, the Chemistry materials fitted our purposes. Participants were not

able to draw on previous knowledge, and likely did not perceive the contents as familiar. Scores were

higher than on the Pretest 1 and the set of analyses we performed proved very useful, allowing us to

get a better sense of the data and to understand how we could refine the materials further. Pretest 2

also helped us refine other tasks (e.g., ART and SRT) and led us to decide to drop the mentalizing

task. However, for the sake of concision and because these are less central aspects, we will not delve

further into them.

3.5. Pretest 3: Examining Thought Processes with a Think Aloud Protocol

3.5.1. Method

Participants. We examined 12 university students (58% men; Mage = 21.42, SD = 1.24).

Materials.

Texts. Building from Pretest 2, we made further modifications to the Chemistry materials and

built a new pair of Math texts using the criteria we had been refining. The contents of these texts

closely matched the ones described in the main study, but the Math texts included extra information

about Roman notation arithmetic (e.g., how to use a counting board).

Evaluation Scales. Participants evaluated the presented information using a 5-point scale, where

1 corresponded to a low evaluation of a parameter and 5 to a high evaluation.

Learning Measures. For each topic, two sets of 10 questions were developed, yielding a total of

20 questions per topic (so that we had one set per session for the main study, which would have two

sessions).

General Procedure. Participants started by providing some sociodemographic data, after which they

practised the think aloud protocol with a brief paragraph. They were encouraged to focus on the task

at  hands and to verbalize  any thought,  even if  they  were unsure about  its  relevance.  Examples

included  whether  certain  parts  were  confusing,  ambiguous  or  unclear  or  if  a  question  was  too

difficult. They could take the time they needed and move backwards and forwards in the text. After
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ensuring that the procedure was well understood, participants read the first text and completed the

corresponding evaluation scales and learning measures. This process was repeated with the second

text. Participants read the narrative version of a topic and the expository version of the other. The

session lasted about one and a half hours.

3.5.2. Results

Perceived  Prior  Science  Knowledge. All  participants  had  completed  high  school  in  social

sciences/humanities or arts and were not enrolled in any natural or exact sciences’ course or line of

work.

Text Evaluation. Mann-Whitney tests showed that, for both topics, the two text types were deemed

very similar on all parameters (all ps > .175). The exception was novelty of information, which for the

Math topic was on average higher for the NT (4.4, SD = 0.9) than for the ET (M = 3, SD = 0.9; U = 32; p

= .048).  As  determined by  Wilcoxon  tests,  topics  were evaluated as  different  on  some relevant

aspects. On average, compared to the Chemistry topic, although the Math topic was perceived as

marginally less novel  (4.5;  SD = 0.7 vs.  3.6;  SD = 1.1,  respectively,  Z = 20;  p = .056),  it  was also

considered as less interesting (3.9; SD = 0.9 vs. 3.2; SD = 0.9, respectively, t(12) = 3, p = .012) and less

clear (4.4; SD = 0.8 vs. 3; SD = 0.5, respectively, Z = 66; p = .002). However, it was not considered as

more difficult (2.8; SD = 1 vs. 3.3; SD = 1.1, respectively, t(12) = -1.07, p = .309).

Learning Measures. Wilcoxon tests revealed that learning scores were equivalent across text types

(on average, NT: M = .59; SD = 0.05; ET: M = 0.55; SD = 0.14; Z = 51; p = .38) and topics (on average,

Chemistry: 0.54; SD = 0.12; Math: 0.59; SD = 0.17; Z = 23; p = .233), without apparent interaction (on

average, Chemistry NT: 0.54;  SD = 0.16; Math NT: 0.66;  SD = 0.16; Chemistry ET: 0.54;  SD = 0.08;

Math ET: 0.55; SD = 0.17). As two participants systematically expressed that the think aloud protocol

was interfering with their reasoning while interacting with the Chemistry materials, we also reran the

analysis without them, to check if this was influencing the results. The pattern of results remained

the same on the 10 remaining participants.

Think Aloud Analysis. Overall, the text which was presented first received more comments than the

second text, which was particularly true for negative comments (see Table 3.4). This may have been

due to fatigue, as participants commented on the length and complexity of the ta sk. ET appeared to
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trigger more study strategies, with people re-reading and summarizing and relating information more

often with these texts. Overall, NT received much more positive comments than ET (92 vs. 65), but

also somewhat more negative comments, although to a far lesser extent (97 vs. 92). Overall, Math

texts gathered more negative comments than Chemistry texts, which was especially the case for the

ET  (see  Figure  3.2),  and  even  when participants  read  the Math NT and  the Chemistry  ET,  they

expressed  preference  for  the  latter.  These  comments  were  mostly  directed  at  the  perceived

difficulty, lack of clarity, and even weirdness of the contents, especially the ones on the Babylonian

notation. This notation was less familiar to the participants, although overall they perceived Math

contents as more familiar than the Chemistry ones. These comments matched their ratings on the

corresponding evaluation scales, except for difficulty, which was not rated as significantly different

from the Chemistry topic.

Table 3.4. Count of Negative and Positive Comments Made on each Text from Pretest 3

First read text Second read text

Negative aspects 107 82

Positive aspects 82 75

Additionally, some participants expressed that they missed visual information (e.g., summarizing

figure) in the Math texts, which they believed would help comprehension. This may be due to the

fact that Math is more abstract than Chemistry (Aso, 2001). Yet, the fact that all the participants that

made this  comment  were reading the  ET  can  also suggest  that  this  feeling  was also  related to

structural features of the text. As for the Chemistry text, the stronger difficulties stemmed from one

specific scientific content (namely, the part pertaining to the paratartaric acid crystals). However, in

contrast with the Babylonian notation contents, participants seemed to grasp the contents more

easily and to clear their doubts as they continued reading the text. The think aloud also provided

important  information on  how to  make modifications to  specific  learning  questions  which  were

perceived  as  ambiguous,  too  hard,  or  too  easy.  More  globally,  it  also  became  clear  that  L3

(understanding key ideas) and L4 questions (applying key ideas) should focus on higher-level aspects,

and not as much on detailed information.
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Figure 3.2. Bar Graph of the Proportion (and Standard Error) of Negative and Positive Aspects of each
Text used in Pretest 3

3.5.3. Discussion

As a final pretest, we conducted a think aloud protocol with the updated Chemistry materials and

newly built Math materials. Our goal was to collect rich and detailed information on participants’

thoughts while they read the texts and completed the learning measures. The two versions of the

texts from both topics were deemed very similar in all parameters, except for novelty of information

in the Chemistry topic. Learning scores were similar between topics and within and between text

types. The qualitative analysis revealed that, overall,  Math texts were perceived as more familiar

than Chemistry texts, but at the same time more complex and difficult. NT received more positive

comments, namely when contents were understood or deemed interesting. This feedback allowed us

to identify which parts of the materials were difficult or confusing and which worked well, and to get

an overall sense of how the different text types and topics were perceived and processed.

The think aloud proved to be a very useful technique to test the learning materials. We were

able to complement the quantitative data with rich and detailed information that we would not

otherwise have access to. It provided us with a better grasp of not only which parts of the materials

worked well or were unclear, confusing or ambiguous but also why participants perceived them that

way. It became clear we needed to make more changes in the Math materials, namely removing

some contents and making information clearer, which makes sense given that this was the first time

we were testing them. The fact that the most unfamiliar Math content (Babylonian notation) was

perceived as challenging made us think that it could be beneficial to maintain some familiar contents,
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as a way to balance things out. However, this also implied that the familiarity with the contents

would play different roles in each topic, and that it could prove more difficult to create challenging

yet accessible Math texts.

Even though there were no significant learning differences between text types, we were able to

collect information that gave us a better sense of how the different text types were perceived and

processed. Although this did not translate into statistically significant gains, the narrative versions

received more positive appraisals in terms of comprehensibility and interest. Yet, the Math NT may

have generated confusion in some readers’  minds, who interpreted it  as showing how Leonardo

Pisano invented  one  or  more  notations.  This  highlights  potentially  problematic  aspects  that  can

underlie  narrative processing, namely the tendency to attribute monumentality to the characters

(e.g.,  Allchin,  2003) ,  and to (wrongly)  infer causality between elements as a means to establish

coherence and extract explanations (e.g., if this text is about a famous mathematician who used this

notation, he must have invented it), also known as the “narrative fallacy” (e.g., Taleb, 2007).

Differences between think aloud and silent reading should also be considered when analysing

these results. Although it provides access to participants’ thoughts and thinking processes, thinking

aloud may alter the process of thinking itself,  because it  requires cognitive processes that could

otherwise be used in the primary (comprehension) task (for discussions,  see Wolfe & Woodwyk,

2010;  Veenman  et  al.,  2006).  The  mere  fact  that  there  is  someone  observing  can  influence

participant’s thinking and behaviour. Indeed, some participants reported feelings of interference and

distraction. However, previous research has also shown that thinking aloud may not reduce learning

performance (e.g., Ariasi & Mason, 2011; Bannert & Mengelkamp 2008). In fact, it may even trigger

more systematic and analytic reading strategies, such as self-monitoring and prediction generation

(e.g., Chi et al., 1994; Kloser, 2013). In the present case, the fact that the study was quite long and

demanding  likely  impacted  the  results  as  well,  as  participants  were  evaluating  the  full  set  of

materials.

3.6. General Discussion of the Pretests Data

Building  science  narrative  learning  materials  is  often  a  challenging  and  strenuous  process,  as

acknowledged  by  many  educators.  One  way  to  approach  these  materials  is  to  build  narratives

focused on the scientists’ actions (i.e., that explain science contents through these actions), which

has been approached in different ways (e.g., Arya & Maul, 2012; Hadzigeorgiou et al., 2012; Hong &
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Lin-Siegler, 2011). The present set of three pretests allowed us to incrementally get a better sense of

our materials and improve them according to our aims.

Collaborating  with  experts  from different  fields  (e.g.,  Arya  & Maul,  2012)  can be extremely

valuable, as they can provide feedback on complementary aspects. For instance, science experts can

ascertain the accuracy of the explanations, linguists or language teachers can help determine if the

text  is  well  structured and uses  appropriate  discourse,  as  well  as  whether  it  is  identifiable  as  a

specific  text  type.  Having  the  input  of  people  experienced  in  educational  practices  can  help

establishing connections between the reading materials and the corresponding learning questions.

However, learners will be particularly sensible to the appropriateness of the materials, and so

their  feedback  is  hugely  important.  Both  quantitative  and  qualitative  data  can  provide  valuable

information  at  different  stages  of  material  development.  Through  the  quantitative  analysis  of

responses  and,  most  importantly,  global  response  patterns  (namely,  central  tendency  and

dispersion),  one  can  pinpoint  systematic  confusions  and  errors,  the  degree  of  difficulty  of  each

question,  and  both  individual  and overall  performance patterns.  This  information provides  hints

about the clarity and difficulty of the questions, but also about the parts of the text that may warrant

further clarification or disambiguation, or that instead could be made more challenging.

Despite the usefulness of this information, interpreting quantitative feedback also requires a

great amount of inferencing. Asking participants for qualitative feedback is hence a valuable way to

complement and enrich quantitative outcomes. Applying a think aloud protocol can provide access to

thoughts (e.g., reasoning, doubts) and feelings (e.g., frustration, fun) that could not be tapped into

otherwise.  This  can  be  done  either  while  participants  are  reading  or  completing  other  tasks,

providing immediate or concurrent feedback, or after a section or the whole task is complete, which

has a more reflective or evaluative tone to it. Both procedures can be used to frame and understand

difficulties,  frustrations,  and  errors,  as  well  as  to  get  a  sense  of  participants’  motivation  and

engagement with the materials, all which can influence either specific answers or the global pattern

of performance. Additionally, it  gives learners a chance to share their own ideas on how science

educational  materials  can become clearer,  more intelligible,  relatable,  and interesting,  endowing

them with an active voice and role that can be framed along the lines of citizen science projects (e.g.,

Herodotou et al., 2018; Pandya & Dibner, 2018).

We were also able to extract important insight from the use of different topics. A first conclusion

from this approach is that it is not possible to anticipate the appropriateness and the challenging

aspects of a specific topic from the head start. To some extent, it is necessary to adopt a trial-and-

error approach and experiment different topics. However, this also stems from our approach to the
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materials, which was guided by the aim of comparing learning science from different text types. It

can be extremely useful to start from a specific and pressing pedagogical question (e.g., Browning &

Hohenstein, 2015, investigated whether a narrative could help younger students grasp the counter-

intuitive concept of evolution). In our case, such questions could have been whether a narrative aids

in the understanding of the distinction between composition and structure, or if it can help learn

unfamiliar mathematical notations. This approach can make it easier to identify challenging aspects

of material  development, guide participants’  feedback, and direct findings to specific educational

contexts. Yet, it also narrows the scope of possibility and removes flexibility and adaptability. In the

end, material development should be tailored to the intervention’s aims, and narratives focused on

the scientist’s actions can fulfil different purposes. Even though many of the texts we built turned out

to be  inappropriate  to  our  specific  goal,  they  could  undoubtedly  be useful  as  door  openers,  to

captivate interest, promote historical and sociocultural  contextualization of scientific contents,  or

even to frame questions that are still very much pressing (e.g., vaccination; nuclear energy; women in

science).

Finally, it should be noted that we are not proposing that these ideas should be applied in every

learning  situation.  Our  materials  were  built  with  specific  aims,  setting  and  population  in  mind.

Instead, we are providing information about our process of building of these materials because we

believe that it is important to share details about its challenges, compromises, as well as to discuss

potential solutions to deal with specific obstacles. Whereas these aspects are frequently not shared,

they can provide guidance and motivation to educators and researchers who want to develop similar

materials, and who may adjust these suggestions to the specific features of their interventions. Other

authors have done this to different extents (e.g.,  Clough, 2011; Flynn & Hardman, 2019; Klassen,

2009), although there is still a gap where young adult populations are concerned,  that we hope to

help call attention to. Indeed, the fact that there is a great deal of variability in the elements of the

learning  process  (e.g.,  topic;  population;  aims;  setting)  fuels  our  claim that  detailed information

about the development of the materials should be shared, so that educators and researchers can

benefit  from  a  wide  variety  of  information  and  choose  from  it  what  best  fits  their  purposes.

Moreover, although the learning process should always be tailored according to its specific features,

as more and more varied information is shared, in time it may be possible to also draw more general

conclusions about the use of narrative materials in science learning.
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CHAPTER 4

How Did They Do It? The Impact of Narrating Science on

Learning

This chapter was based on the following manuscript: Soares, S., Simão, C., Gonçalves, M., Barata, R.,

Jerónimo, R., & Kolinsky, R. (2022). How Did They Do It? The Impact of Narrating Science on Learning.

[Manuscript submitted for publication to  Science Education],  CIS-Iscte,  Iscte–Instituto Universitário

de Lisboa.

In  this  chapter,  we  removed from the  main  manuscript  the  section pertaining  to  “Building  and

pretesting materials”, as it was presented in the previous Chapter.

Part of the results described in this Chapter were presented at the following conferences: Soares, S.,

Jerónimo, R., & Kolinsky, R. (2021, May 20-21). Learning science outside the curriculum: a study with

discovery narratives and expository texts [Oral presentation]. XVI PhD Meeting in Psychology, Lisboa,

Portugal;  Soares,  S.,  Simão,  C.,  Jerónimo,  R.,  & Kolinsky,  R.  (2022,  June 20-22).  Learning  science

outside  the  curriculum:  the  impact  of  text  type,  topic,  level  of  comprehension  and  delay  [Oral

presentation]. XI Simpósio Nacional de Investigação em Psicologia, Trás-os-Montes, Portugal; Soares,

S., Simão, C., Jerónimo, R., & Kolinsky, R. (2022, July 20-22).  Narrar ciência para a aprender: Que

factores contribuem para a aprendizagem? [Oral presentation]. 3rd Porto International Conference

on Research in Education, Porto, Portugal.

4.1. Abstract

Narrative texts (NT) have been advocated as a tool to improve learning, relative to more traditional

materials such as expository texts (ET). Yet, it is unclear under which the conditions science NT can

prove beneficial to science learning, and this process remains fairly unexplored. In this study we

examined the impact of science NT, compared to equivalent ET, on science learning, at different

levels of comprehension and retention delays, as well as the impact of a set of learners’ features on

this learning. 125 university students with low prior knowledge of the texts’ topics read a NT and an

ET of Math or Chemistry, evaluated them, and answered corresponding tests immediately and one-
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week after.  Learners’  contact  with literacy,  science background,  and evaluative and motivational

attitudes on science and cognition were also estimated. We expected an advantage for at least one

of the NT, particularly at the more elaborate comprehension levels and on delayed measures, as well

as a positive impact of learners’ features. Data were primarily analyzed through linear mixed models.

Learning scores were higher for NT, Math, and immediate measures. Crucially, the NT advantage was

only significant for the Chemistry topic, at all comprehension levels but particularly at one of the

most elaborate. All learners’ features positively predicted the learning score, with most main effects

and interactions remaining significant. These findings highlight the importance of considering the

diverse aspects that contribute to the process of learning science through narrative-based materials.

Recommendations for future educational practices and research are presented.

Keywords: science learning, science narrative texts, prior knowledge, comprehension levels, learner

features

4.2. Introduction

Learning  about  natural  sciences  and  mathematics  (referred  here  as  science)  takes  many  forms,

ranging from formal education to informal initiatives. It also presents many challenges. Frequently

mentioned ones include dense and technical  texts (e.g.,  Plavén-Sigray et  al.,  2017; Snow, 2002),

unfamiliar  or  counter-intuitive  ideas  (e.g.,  Browning  &  Hohenstein,  2015;  Gilbert  et  al.,  2005),

contents  decontextualized  from  human  and  cultural  elements  (e.g.,  Sánchez  Tapia  et  al.,  2018;

Martin & Brouwer,  1991),  as well  as misconceptions on what science is  and how it  works (e.g.,

Allchin, 2003; Clough, 2011). These challenges can be to some extent traced to a gap between the

everyday mode of thinking, which tends to be centred around human intentions and actions, and the

science mode of thinking, rooted in abstract and formal reasoning and explanations (e.g., Bruner,

1986; see also Egan, 1997).

Such a gap is to be bridged by innovative science education practices (Klein, 2006). At the same

time, there have been claims for a greater integration of literacy processes (i.e., reading and writing)

in  science  education  (e.g.,  Morais  &  Kolinsky,  2016;  Norris  &  Phillips,  2003;  Webb,  2010).  One

innovative science practice that fits these claims is the use of narrative-based materials (e.g., Bruner,

1991;  Egan,  2005;  Solomon et  al.,  1992).  Narration  is  generally  understood  as  a  sequencing  of

temporally organized actions or events (e.g., Adam, 2011; Norris et al., 2005; Strube, 1994), and is a
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transcultural activity that plays a key role in cognition (Bruner, 1986; Gottschall, 2013; Telkemeyer et

al., 2009).

Many empirical  works comparing narrative texts (NT) with expository texts (ET) reported NT

superiority in the comprehension and retention of ideas (e.g., Graesser et al., 1980; Kintsch & Young,

1984; Tun, 1989; Zabrucky & Ratner, 1992), leading to the idea of a narrative effect (e.g., Norris et al.,

2005).  Even  though  these  results  stemmed  from  more  conventional,  non-science  NT,  narrative

materials  have been advocated as  powerful  tools  for  conveying  challenging  information,  namely

science, to broader and more inclusive audiences (e.g., Bruner, 1996; ElShafie, 2018; Martinez-Conde

et al., 2019). This includes the expansion of the implementation of these materials within adult and

science  experts  contexts  (e.g.,  Luna,  2015;  Olson,  2015),  thus  going  beyond  the  populations

conventionally associated with narrative materials in learning contexts, children and adolescents.

Yet  direct  comparison  between  science  NT  and  ET  (more  common  in  science  instruction;

Avraamidou & Osborne, 2009) has generated somewhat mixed results (Soares et al., 2022a). Some

favour narrative materials (e.g., Hadzigeorgiou et al., 2012), others expository materials (e.g., Cervetti

et al., 2009), and still others report differences restricted to specific conditions (e.g., immediate vs.

delayed measures; Negrete & Lartigue, 2010) or no differences at all (e.g., Lamartino, 1995). Besides

covering various science fields (e.g., Physics, e.g., Hong & Lin-Siegler, 2012; Biology; McQuiggan et al.,

2008; Earth Sciences,  e.g.,  Maria & Junge, 1993), science NT have incorporated diverse semantic

elements,  such  as  anthropomorphic  or  fantastic  elements  (Cervetti et  al.,  2009;  Maria  & Junge,

1993),  science  fiction (e.g.,  Negrete  & Lartigue,  2010;  Wolfe  & Mienko,  2007),  or  details  about

scientists’ life and work (e.g., Arya & Maul,  2012; Hadzigeorgiou et al.,  2012; Hong & Lin-Siegler,

2012), to name a few.

NT built  around scientists’  actions, where science concepts and explanations are intertwined

with the scientists’ actions, emotions, and wider context, can be used to tackle some of the problems

surrounding science learning. They provide insight on who scientists are and how they do things,

retrieving the human and cultural  context  where science concepts  and methods are discovered,

developed, or applied. As such, they can arguably provide a more accurate image of science (e.g.,

Arya & Maul, 2021; Clough, 2011; Kubli, 2005) than traditional science educational materials, which

usually present decontextualized explanations of concepts (Avraamidou & Osborne, 2009; Clough,

2011). As regards learning gains, researchers have argued that, by making the author visible (Arya &

Maul,  2012),  enhancing  human and  social  presence  (Hong  & Lin-Siegler,  2012),  and  humanizing

meaning (Hadzigeorgiou et al.,  2012),  these NT bring learners closer to science ideas,  prompting
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attention, interest, reflection, organization of knowledge, and emulation of the scientists’ practices

(e.g., Arya & Maul, 2012; Hadzigeorgiou et al., 2012; Hong & Lin-Siegler, 2012).

Studies  which  compared  this  kind  of  science  NT  with  more  traditional,  expository-based

approaches,  usually  report  better  outcomes  for  the  narrative  condition.  In  some  studies,  this

advantage is present both in immediate and delayed measures (e.g., Hadzigeorgiou et al.,  2012),

whereas in others it is more marked or limited to delayed tests (e.g., Arya & Maul, 2012; Hong & Lin-

Siegler, 2012). As for young adults, one study also reported a NT advantage in delayed measures

(Negrete & Lartigue, 2010), but another (Wolfe & Woodwyk, 2010) found this advantage only for

measures tapping a specific level of representation, namely the textbase level (cf. the construction–

integration model of comprehension, C-I model; e.g., Kintsch, 1998), which is a representation of the

explicit  meaning  of  the  text,  but  not  for  measures  tapping  the  situation  model,  in  which  that

representation is integrated with prior knowledge and experiences to build a personal interpretation

of the text meaning (e.g., Kintsch, 1998).

In fact, the different representation levels proposed by the C-I model (textbase and situation

model  levels)  correspond  to  different  outcomes  (memory  and  learning,  respectively)  and  are

assessed with different measures (e.g., recall vs. problem-solving; Ferstl, 2001; Kintsch, 1994). Most

studies that used NT built around scientists’ actions have not thoroughly examined whether specific

measures benefit more from these texts, because they either did not distinguish between different

measures or question types (e.g., Hadzigeorgiou et al., 2012), or did not compare them (e.g., Arya &

Maul,  2012;  Negrete  &  Lartigue,  2010).  Hong  and  Lin-Siegler  (2012)  provide  an  exception  and

observed  both  better  recall  and  better  complex  problem-solving  (i.e.,  identifying  gaps  and

relatedness among different scientific ideas) for NT centred around scientists’ struggles, compared

with NT centred around the scientists’ achievements and more conventional science texts. Textbook

problem-solving (i.e.,  more straightforward problems relating to scientific concepts) did not differ

significantly among the conditions.

Finally, the issue of how learning science through NT relates to different facets of the learning

process remains relatively unexplored, as we will elaborate in the following section.

4.2.1. The Pedagogical Framework

The RAND Reading Study Group (Snow, 2002) endorses the view that learning through texts is a

complex process involving three elements (texts, activities, learners) that interact within and with a

wider  sociocultural  context.  Regarding  texts,  differences  in  text  type  and  content  can  impact
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learning. For example, some topics should be more easily conveyed through NT than others (Frisch,

2010; Norris et al., 2005), and the same topic may yield different results when presented through

different types of text. As for learners, their learning is achieved through a series of complex features

involving  (prior)  knowledge,  affective  dispositions  (e.g.,  interest)  and  cognitive  abilities  (e.g.,

executive  functioning).  Features  of  the  activity  include  its  goals  (e.g.,  studying  vs.  leisure)  and

outcomes  (i.e.,  levels  of  comprehension).  Learning  and  literacy  are  seen  as  partly  cultural  and

historical  activities.  Interactions with  this  wider  context  include the execution and length of  the

activity (e.g., number of sessions) and the identity of participants (e.g., gender and socioeconomic

status, SES).

Few studies  have directly  examined the impact  of  these elements  on memory and learning

outcomes when learning from science NT (e.g., text features, Wilcken, 2008; activity features, Jetton,

1994; learner features, Reuer, 2012; sociocultural features, Arya & Maul, 2012). For instance, Reuer

(2012) found interest in the text to be positively correlated with science NT learning outcomes, and

Wolfe and Mienko (2007) found that the advantage of NT or ET was dependent on learners’ prior

science knowledge (NT was more beneficial for less knowledgeable students). Arya and Maul (2012)

found  that  students  from  lower  SES  benefited  particularly  from  science  NT  (this  variable  was

confounded with ethnicity),  yet Maria and Junge (1993) did not find such benefit for less skilled

readers.

4.2.1. The Current Study

We argue that the variability reported in previous studies using science NT can be explained by

variability in the elements that make up the learning process. Taking them into account and gaining

more knowledge about their effects can help uncover different and specific narrative effects. Results

can then be more accurately interpreted and directed toward specific educational needs, providing a

more complete picture of this educational issue. Our conceptual approach and research questions

are therefore grounded on the RAND framework. Our aims and hypotheses mainly address features

pertaining to the text (type of text, science topic), the activity (comprehension outcomes), and the

learner  (individual  features),  but  interactions  with  the  wider  context,  namely  from  the  learner

(sociodemographics) and the activity (length, setting), are also considered.

The  main  aim of  the  current  study  was  to  examine  the  impact  of  science  NT  built  around

scientists’  actions on different levels  of  comprehension and the durability  of  these outcomes, in

comparison with content equivalent ET. We are not proposing the used texts to be representative of
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their respective text type or topic in a way that invites generalization of results.  Instead,  specific

narrative effects should arise from the specific features and interactions of the various elements of

the learning process.

The participants of the current study were an understudied population in this context: young

adults (for other examples, see Negrete & Lartigue, 2010; Wolfe & Mienko, 2007; Wolfe & Woodwyk,

2010). Additionally, most studies took place in schools or in articulation with curricula, and a small

set took place in museums (Legare et al., 2016; C. Morais, 2015). By contrast, our study took place in

a laboratory. This provided a structured and controlled environment where participants nonetheless

voluntarily took part to learn outside mandatory curricula, potentially entailing new insights to this

literature.

We had three main research questions. The first was whether NT focused on scientist’s actions

can facilitate science learning among university students with little prior knowledge on the assessed

topics.  We selected challenging  yet  accessible  contents  about  which  participants  had  little  prior

knowledge to maximize the learning experience (Wolfe et al., 1998) and better ascertain the impact

of the two text types (e.g., Prins et al., 2017). Because we sought to compare the science learning

outcomes provided by the NT and the ET to the same person, we adopted a within-subject design, in

which participants could not read the same contents twice. Each of them read two texts on two

different topics, written either as a NT or as an ET (henceforth, “Text Type” factor). Text type to topic

assignment,  as  well  as  order  of  the  texts  (henceforth,  “Text  presentation  order”  factor),  were

counterbalanced  across  participants.  We  expected  at  least  one  of  the  NT  to  yield  a  learning

advantage, expressed by a main effect of Text Type or by a Text Type X Topic interaction.

The  second main  research  question  asked  if  long-term  retention would  be  superior  for  NT

contents. To evaluate this, participants were presented with two equivalent sets of questions at two

different moments (factor “Session”), with order of the set counterbalanced between participants

(henceforth, “Test version order” factor). Session 2 was completed about a week after session 1, a

common interval in the relevant literature (e.g., Hong & Lin-Siegler, 2012; Negrete & Lartigue, 2010).

Based on the previously discussed studies conducted with similar NT or populations, we expected

potential gains from NT to be at least maintained, and perhaps even increased, in the second session,

leading to an interaction between Text Type and Session.

The third main research question focused on whether specific levels of comprehension benefit

particularly from NT. To examine learning outcomes at specific levels of comprehension, we built

learning items grounded on the C-I model (henceforth, “Item Level” factor). Although this model has

dedicated special attention to science texts, these were usually expository, and few previous studies
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with science NT drew on its ideas (for exceptions, see Arya & Maul, 2012; Wolfe & Mienko, 2007;

Wolfe & Woodwyk, 2010). In the present study, items were designed to tap into progressively higher

degrees of elaboration of information. As such, some items required either to retrieve information

that had been explicitly mentioned in the texts (Level 1) or to infer information that was not explicitly

mentioned but could be extracted from information that was (Level 2), whereas others assessed the

understanding  of  key  conceptual  ideas  from  the  texts  (Level  3),  or  required  making  inferences

beyond the scope of the texts, such as application in a novel situation (Level 4).  Drawing on the

results previously presented, we expected a NT learning advantage to be observed at all levels of

comprehension.  Given  that  we  aimed  at  creating  accessible  texts,  based  on  the  C-I  model  we

reasoned this advantage might be particularly marked at more elaborate comprehension levels, and

therefore predicted an interaction between Text Type and/or Item Level or between Text Type, Topic

and Item Level.

In addition to these three main questions, we explored the potential impact of a set of learners’

features  which,  as  stated,  remain  underexplored.  Our  question was  whether  learning  science  is

modulated  by  learners’  contact  with  literacy,  science  background,  evaluative  and  motivational

attitudes  on  science  and  cognition,  and  sociodemographics,  and  whether  there  are  differences

according to text type. We expected at least some of these features to positively predict learning

scores.

4.3. Method

4.3.1. Participants

A total of 143 university students (undergraduates, postgraduates, or Master students), participated

in the study. Before being enrolled, participants completed a prescreening questionnaire to ensure

they  fulfilled  the  predefined  inclusion  criteria:  being  university  students;  not  being  enrolled  in

courses where Chemistry, Physics, Biology, or history of Mathematics are core subjects; being native

speakers of European Portuguese; and not having a language or development disorder diagnosed.

We conducted an a priori power analysis (GPower 3.1; Faul et al., 2009) for linear multiple regression

model  (random  model)  with  6  predictors  (Fixed:  Topic,  Type,  Level,  Session;  Random:  Text

presentation order; Test version order) to achieve 80% of power with a weak to moderate effect size

(ρ2 = 0.13). The recommended sample size was 101 participants. We used a larger sample than the
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recommendation to have a sample robust to attrition (dropouts and excluded participants). Results

were not analyzed until all data was collected.

Data from 18 participants was removed from the analyses: Data from five participants was lost

due to problems during the application or data recording; one participant was dyslexic; 10 did not

show up for the second session; and two had a very low performance in Chemistry. Namely, one had

no correct answers and the other’s responses to open-ended questions raised doubts regarding their

understanding of the contents in a fundamental level, for they mixed contents from both texts and

extra-text  contents  in  an  ungraspable  manner.  The  final  sample  included  125  participants  (90

women,  35  men)  aged  from  18  to  25  years  (Mage =  21  years;  SD  = 1.75).  We  report  how  we

determined our sample size, all data exclusions, all manipulations, and all measures in the study.

4.3.1. Materials

Texts. A set of criteria for choosing the topics and building the materials was eventually established

and progressively  refined throughout the three pretests (see Table A1, p.  213), as were scoring

guidelines for open-ended questions (e.g., Hong & Lin-Siegler, 2012). Four texts written in European

Portuguese were used (see Table  4.1).  The Chemistry texts dealt  with  the concept of  molecular

chirality.  They  explained  that  crystals  can  have  the  same  molecular  composition  but  different

molecular structures, providing two specific examples and describing methods that can be used to

examine  these  parameters.  Math  texts  dealt  with  mathematical  notation.  They  described  three

different notations in terms of representation of quantities and basic arithmetic, with a particular

focus  on how some challenging  aspects  of  these notations were overcome by the Hindu-Arabic

notation. Some of the contents of the Math topic were familiar to participants (Roman notation;

Hindu-Arabic notation). However, the way these contents were approached and evaluated was not

as familiar (e.g., position of symbols; concrete quantities vs abstract manipulation; most participants

from the pretest and the main study did not realize that the Hindu-Arabic notation is the one they

currently use). It is worth noting that, to the best of our knowledge, this was the first study to use

topics from Math and Chemistry with young adults.

In  the  two  ET,  contents  were  structured  according  to  concepts  and  their  relations,  which

corresponds to how expository materials are usually organized (Meyer, 1975; Taylor, 1982). Science

contents were thus explained more abstractly in the two ET compared to the NT, without being

explained through scientists’ actions as they were in the NT. In the latter, contents were temporally

structured, which corresponds to how narrative materials are usually organized (Adam, 2011; Norris
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et al., 2005). Hence, in the narrative version of the Chemistry topic, the process of discovery led by

Louis Pasteur guided the unfurling of the text, and so science contents were described according to

his thoughts and actions. In the narrative version of the Math topic, the focus was on how Leonardo

Pisano dealt  with  these different  notations during  his  lifetime,  with  science  contents  also  being

described according to his thoughts and actions.

Table 4.1. Excerpts of the ET and NT of both the Chemistry and Math topics

Text Excerpt

Chemistry ET Different methods can be used to study organic compounds (Clayden et al., 2012). Chemical 
composition can be determined by calculating the atomic weight of the molecules that make 
up the crystals of the compounds, as well as by analysing the solubility level of crystals when 
dissolved in a liquid solution.

Chemistry NT
Louis used different methods to study these organic compounds: First, he calculated the 
atomic weight of the molecules that made up the crystals and wrote down the values on his 
notebook. Next, he dissolved the crystals in a liquid solution, as to compare their solubility, 
and wrote down the values as well.

Math ET
Following this logic, each column represents a value 60 times higher than the one that 
precedes it, rendering the position in which symbols appear, along with their value, 
paramount to determine the represented quantities.

Math NT
Because each column’s value was 60 times higher than the one that preceded it, when 
Leonardo used the Babylonian notation he had to consider not only the value of the symbol 
but also the position in which he placed it, for the represented quantities differ drastically.

Note. The original Portuguese texts and their English translations can be found at https://osf.io/jsx5m/?

view_only=9640b87c94fe4f52b01e0ba653db8e05.

To maximize  the fruitfulness of  NT as  science learning  tools,  care was taken to ensure that

narrative and science elements were deeply intertwined, so that the former were not accessory but

instead central to the comprehension of the science contents (e.g., Fisch, 2000; Wolfe & Mienko,

2007). Because narrative and expository materials have specific organization structures, to guarantee

coherence and fluidity the order in which contents appeared sometimes differed slightly between

texts of the same topic.

Because the NT had additional narrative information, it was necessary to ensure that both types

of text had an equivalent length. This was accomplished by adding ET-congruent information that

was not relevant for learning (e.g., author names) to the ET texts. Besides length, an effort was made

to ensure that other psycholinguistic parameters were equivalent between all text materials. As can
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be seen in Table A2 (p. 214),  this equivalence was achieved for word frequency, word length, and

number of words per sentence, the only exception being the number of subordinate clauses per

paragraph, which were significantly more numerous in the Math NT compared to the other texts.

This can be because the arithmetic procedures were presented from Leonardo Pisano’s point of view,

which involved inserting more conjunctions (e.g., if, that, however, because, in order to, though),

that introduce subordinate clauses.

Text Evaluation.  The participants from the pretests and from the main experiment were asked to

rate each text they read for clarity, interest, novelty, difficulty, cohesion, local coherence, and global

coherence. In the pretests, there were three additional parameters (syntax, richness of vocabulary,

diversity of vocabulary) that were dropped to simplify the task for the main experiment. Parameters

were chosen according to previous literature on the subject (e.g., Arya & Maul, 2012; Hong & Lin-

Siegler, 2011; Limpo et al., 2014). For each one, a 5-point scale was used, where 1 corresponded to a

low evaluation of that parameter and 5 to a high evaluation.

Learning  Items.  Following  Arya  and  Maul’s  approach  (2012),  we  established  a  correspondence

between the learning items and the C-I model’s levels of representation, hence creating items that

evaluated different levels  of comprehension. Such a proposal  should not however be taken as a

generalizable framework for science comprehension or for student’s learning progression (Arya &

Maul, 2012).

Items from Level 1 (L1) required retrieving information that had been explicitly mentioned in the

texts, and so was related to coherence building at the level of individual propositions (defined as

micropropositions in Kintsch, 1998; e.g.,  “in the Babylonian notation there was a symbol for the

quantity 1 and a symbol for the quantity 10”). L1 items could be gap filling, short answer (enunciate

or enumerate), and multiple-choice questions. Level 2 (L2) items, which were all  multiple-choice,

required inferring information that was not explicitly mentioned in the text but could be extracted

from  information  that  was,  which  requires  establishing  coherence  between  propositions

(macropropositions; e.g, “their [tartaric crystals] mirror-image crystals deflect polarized light to the

left”,  which  was  never  directly  referred  to  in  the  texts).  Items  from  Level  3  (L3)  tapped  the

understanding of key conceptual ideas from the texts, which requires establishing the propositional

meaning of the text (textbase macrostructure; e.g., explaining how in the Babylonian notation the

number of combinations between symbols was limited, and a system of columns where the position

of symbols mattered was used). Finally, Level 4 (L4) items required integrating key conceptual ideas
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with the reader’s own understanding of the text (e.g., extra-text inferences), such as applying them

in a novel situation (situation model; e.g., apply the learned knowledge about molecular structure

and composition to a hypothetical scenario related with glucose absorption). All  L3 and L4 items

were open-ended questions.

As  already  mentioned,  we  built  two  sets  of  items  that  targeted  the  same  or  comparable

contents, to be used in two sessions (see examples in Table 4.2). 

Care was taken to ensure blind scoring: Participants were attributed a new randomly generated

number, and their order in the database was shuffled according to it. To match their different levels

of complexity, L1 items were scored between 0 and 1 point, L2 items between 0 and 2 points, L3

items between 0 and 3 points and L4 items between 0 and 4 points. Open-ended items were scored

according  to  four  degrees  of  elaboration,  comprehensiveness,  and  sophistication  (see  general

guidelines with example of scored question in Table A3, p. 215). The first author of this study and a

research assistant served as scorers, and at least 30% of the responses to the learning measures of

each topic were scored by both raters. After initial training sessions, inter-rater reliability estimated

by Cohen’s weighed Kappa, was above 76% in all cases. Remaining differences were resolved through

discussion and consensus. Scores were then normalized and averaged per participant and per level to

calculate learning scores, which were the dependent variables in all analyses.

Table 4.2. Example of Learning Items of each Level of Comprehension

Level of comprehension Example

L1 Fill in the gaps.
In the Babylonian notation there was a symbol for the quantity ___ and a symbol for the
quantity ___.

L2 Choose the correct option about tartaric crystals:

1  their mirror-image crystals deviate polarized light to the left
2 they do not deflect polarized light
3 their mirror-image crystals have a different chemical composition
4 they do not have the same solubility level as paratartaric crystals

L3 One of the numeric representations presented in the text is the one from Ancient Babylon.
Present and explain the main representation features of this notation.

L4 Glucose is sugar’s basic molecule, and it is absorbed by the human body. When analyzed
with a polarimeter, its structure deflects polarized light to the right. In medical conditions
such as diabetes, people should not absorb much glucose. Taking this information and the
text  you  read  into  account,  do  you  think  it  could  be  possible  to  create  a  molecular
alternative that allowed these people to consume sugar?  Explain how and justify your
explanation.
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Ancillary Tests. As we wanted to look at the influence of a set of learners’ features on the learning of

the  science  contents,  participants  completed  a  set  of  ancillary  tests  designed  to  examine

sociodemographic  variables,  contact  with  literacy,  science  background,  and  evaluative  and

motivational  aspects  about  science  and  cognition,  and  executive  functions  (which  will  not  be

examined here).

Sociodemographics. Sociodemographic  data  was  collected  through  a  written  questionnaire.  The

collected  data  included  age,  gender,  birthplace,  nationality,  spoken  languages  (native  language,

language spoken at home, total spoken languages), formal education (levels and fields of study), and

the educational and income levels of participants’ household members.

Contact with Literacy. The Teste de Idade de Leitura (TIL; Sucena & Castro, 2008; for adult norms: T.

Fernandes et al., 2017) is a reading age test validated for young adult Portuguese. TIL is a sentence

comprehension paper and pencil test, with 36 sentences, in which the last word of each sentence is

missing.  After  a  few  training  examples,  participants  have  limited  time  (1  minute  for  adults;  T.

Fernandes et al., 2017) to read and choose for each sentence which of the five alternatives provides

the best completion (e.g., “Durante a noite, espero que tenhas bons… sonhos, olhos, lápis, sorrisos,

peixes”; meaning “during the night, I hope you have pleasant… dreams, eyes, pencil, smiles, fishes”;

for illustration, the correct word is underlined).

The  reading  experience  and  habits  questionnaire  we  used  was  adapted  from Santos  et  al.,

(2007), a sociological survey designed to collect information on the reading habits of the Portuguese

population in the context of the reading project of the Plano Nacional de Leitura (National Reading

Plan; Alçada, 2016). Because it is quite long and includes questions which were not relevant for our

aims, we selected 15 relevant questions, adapting them to better fit our research purposes.

To evaluate exposure to print, we adapted the Author Recognition Test (ART; Stanovich & West,

1989), in which participants are asked to tick actual literary author names among fictitious foils. We

adapted the test to include Portuguese authors and to provide a balance between popularity and

literariness, spanning different genres. As recommended by the author who is a text linguist, this was

done by considering the reading recommendations of the Plano Nacional de Leitura (which are used

in  schools),  the  tops  of  famous  authors  from  various  websites,  and  book  sales  tops  from  big

bookshops.
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Science Background. In addition to assessing participants’ exposure to (literature) authors, it was

important for our purpose to assess their exposure to scientists. Thus, in a separate test we adapted

the ART to include scientists’ names (henceforth, Scientist Recognition Test; SRT). As for the authors

in the ART, we included scientists with varying degrees of  popularity  and from diverse fields by

looking into Portuguese school curricula, tops of famous scientists from diverse websites and book

sales tops from big bookshops. For both the ART and SRT tests, we computed a d’ Signal-Detection

index (Macmillan & Creelman, 2005) built from the hits on authors or scientists and false alarms on

foils.

To evaluate prior science knowledge, we built a brief questionnaire that presented 30 science

topics, and asked participants to rate their perceived knowledge of these topics on a 5-point scale

that ranged from not knowing anything at all to being able to make elaborate analysis involving the

application of the concept. Five of these topics pertained to the contents of the Chemistry text, five

to the contents of the Math text and the rest to general Chemistry (4), Math (4), Biology (4), Physics

(4) and Astronomy topics (4). General topics were taken from science books. Mixing the texts’ topics

with  general  science  topics  had  the  double  purpose  of  getting  a  sense  of  participants’  general

knowledge about science and avoiding to call attention to the texts’ topics. Such a questionnaire

obviously evaluates perceived prior science knowledge, so to ensure truthful answers participants

were told that they could be evaluated on the mentioned topics during the session.

We also assessed participants’ level of contact with exact or natural sciences during their formal

education based on information provided in the sociodemographic questionnaire. Participants were

grouped into three levels according to their high school and university fields of study, ranging from

level A (less contact with science) to Level C (more contact with science; see Table A4, p. 216).

Evaluative and Motivational Attitudes on Science and Cognition. Besides the interest parameter

included  in  the  Evaluation  Scales,  evaluative  and  motivational  attitudes  were  evaluated  by  two

measures. In one, participants were asked to rate how much they enjoyed the five science fields

covered by the prior science knowledge questionnaire, and how often they searched for information

about these fields, using a 5-point scale (where 1 indicated low enjoyment and 5 great enjoyment).

The other was the short version of the Need for Cognition questionnaire (Cacioppo et al.,  1984)

validated for young Portuguese adults (Gomes et al., 2013). Using again a 5-point scale, where 1

indicated “nothing” and 5 “a lot”, they rated how much they identified with 18 statements related to

preference for complexity, commitment of cognitive effort, or desire for understanding.
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4.3.2. Procedure

Data collection took place between May 2019 and April  2020. The first session of the study took

place in two universities (102 participants in one and 23 in the other). The second session took place

either at the former (106 participants) or online (19 participants), following the declaration of state

of emergency (COVID-19 pandemic) and subsequent closing of universities. To ensure online data

collection was as equivalent as possible to in-person sessions, participants completed the session

while on video call with the first author. Participants were compensated with either course credits or

two 10€ vouchers. The study was approved by the same ethics committee (agreement 47/2019).

Apart from TIL, the EF tasks, and the science texts, all tasks were presented and completed on a

computer  via  Qualtrics.  All  except  TIL  were  completed  at  the  participants’  own  pace.  Detailed

instructions were provided on the Qualtrics tabs, but the experimenter provided general instructions

and encouraged participants to let them know if any doubt arose, both during in-person and online

sessions.

In session 1, participants first read and signed an informed consent, being told that the study

aimed at identifying and understanding the conditions that contribute to learning from texts. They

were randomly assigned to one of the two main conditions (Chemistry NT and Math ET vs. Math NT

and Chemistry ET) and started by completing the TIL.  Then,  they were presented with the prior

science knowledge questionnaire, rated their interest and active search of information about those

same science fields, and completed the SRT. These tasks had to be completed before reading the

texts  because  they  contained  information that  could  be  acquired  through the texts  (e.g.,  about

chirality).

When participants had finished this first set of tasks, they informed the experimenter and were

handed  the  first  text.  They  were  told  that  they  should  read  it  at  their  own  pace,  in  order  to

understand it, and to re-read it if necessary; they were also asked to time each reading by using a

website stopwatch. Participants were allowed to underline or write on the text. Texts were printed

on paper to preserve natural reading conditions (e.g., Mangen et al., 2013) and had one and a half

page each. After reading the first text, participants informed the experimenter, who collected the

text, and then completed the evaluation scales and the corresponding learning measures (version 1

or version 2). They were encouraged to read and answer the questions calmly and to clarify their

doubts with the experimenter. When this was completed, they were handed the second text and the

procedure was repeated. Participants ended the first session by completing the ART, the reading

experience and habits questionnaire,  as well  as the sociodemographic questionnaire. These were
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presented  at  the  end  of  the  session  to  minimize  fatigue  before  reading  the  science  text  and

completing the learning measures, which were challenging tasks and our main research interest.

Session  2  was  completed  one  week  after  session  1.  In  session  2,  participants  began  by

completing the other version of the learning measures (version 2 if  they completed version 1 in

session 1, and vice-versa) of each topic. Before doing this, they were asked if they had any idea of the

tasks they would have to complete in session 2, and if during the one week interval they had any

thoughts related to the texts’ topics, or tried to learn anything specific about them. The session

ended with the completion of the Need for Cognition questionnaire and the EF tasks (see Figure 4.1).

Figure 4.1. Flowchart Detailing the Study’s Procedure

Note. Ma: Math, Ch: Chemistry, m: measures, hh: household, sci: science, ed: education. Order of tasks is depicted on the

top of each block of tasks (apart for the last block of session 2, which was randomised, all tasks were presented in

sequential order). Only the variables used in the analysis are presented inside each task block. The hourglass icon

represents time limits, whereas the clock with elapsed time represents that participants timed their performance.

4.3.3. Design, Data Processing and Statistical Analyses

The design for investigating our main questions was nested, consisting of a 2 Text types (NT vs. ET) x

2 Topics (Chemistry vs. Math) x 2 Sessions (Session 1 vs. Session 2) x 4 Levels (L1 vs. L2 vs. L3 vs. L4) x

2 Text presentation orders (NT first vs. ET first) x 2 Test version orders (Test 1 first vs. Test 2 first)

plan.
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The  first  four  factors  (Text  Type,  Topic,  Session,  Level,  Version)  were  manipulated  within-

participants. The combinations of Topic and Text type were specific to each participant, and thus

were manipulated between-participants. As such, a participant who read the Chemistry NT did not

read the Chemistry ET, for instance. Text presentation order (NT first or ET first) and Test version

order were manipulated and randomly counterbalanced between-participants.

The dependent variable was the participants’ learning scores. Variables from the ancillary tests

(sociodemographics; contact with literacy, science background; evaluative and motivational aspects)

were inserted as covariates in some analyses.

We  mainly  used  linear  mixed  models  for  the  analyses.  These  statistical  models  take  into

consideration  that  measurements  on  the  same  variable  for  the  same  subject  are  likely  to  be

correlated and incorporate both fixed and random effects (Stroup, 2016).  IBM SPSS Statistics for

Linux, version 27 (IBM Corp., Armonk, N.Y., USA) was used. This study’s design and its analyses were

not preregistered. Materials, analyses’ code (linear mixed models) and data are available on request

from the corresponding author.

4.4. Results

4.4.1. Ancillary Tests

We will only present the results of the tasks that were included in the final analysis.

Sociodemographics. Participants enumerated a total of 319 people as economically active members

of their households. More than half of these members (65%) had completed high school education,

35% had only finished middle school (9th grade), and 35% had attained some higher education level.

More than two thirds of the participants (71%) grew up in households where all economically active

members  completed  at  least  middle  school,  and  for  almost  half  (46%)  the  household’s  level  of

education was high school. Only one quarter (24%) came from a household where all economically

active members completed higher education. Up to 25% of the participants came from a household

whose  combined  value  was  between  500  and  1000,  and  up  to  75%  from  a  household  whose

combined  value  was  between  1000  and  1500.  As  expected,  the  sample  was  thus  relatively

homogeneous in terms of SES. Still, for control purposes, we decided to include these variables in the

analyses, together with age and gender.
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Contact with Literacy and Science Background. On average, participants correctly identified 54% of

the literary authors (SD = 0.19) of the ART, and incorrectly identified 10% of the foils as being authors

(SD = 0.11;  d’  = 59;  SD = 0.65). In the SRT, on average participants correctly identified 32% of the

scientists (SD = 0.16), and incorrectly identified 9% of the foils as being scientists (SD = 0.09). The d’

index average was 1.02 (SD = 0.53).

Overall, participants had low levels of perceived prior science knowledge. This held true both for

the average of the five science topics presented in the questionnaire (M = 1.6,  SD = 0.9; general

Chemistry topics: M = 1.4, SD = 0.8; general Math topics: M = 1.7, SD = 0.9) and for the specific topics

presented in the texts, although it was higher for the Math texts’ topics than for the Chemistry texts’

topics (M = 1.8, SD = 1.1 and M = 1.10, SD = 0.27 respectively, t(124) = -14.03, p < .001). In agreement

with these data, most participants had a low (Level A: 30%) or moderate (Level B: 45%) level of

contact with exact and natural sciences in their formal education, with only a minority (Level C: 25%)

reporting more contact.

Text Evaluation. The two Math texts were rated as equivalent on all parameters (all ps > .071) except

interest (t(123) = -2.307, p = .023), with the NT being evaluated as more interesting (M = 3.5, SD =

1.2)  than  the  ET  (M  = 3.0,  SD  = 1.2).  In  contrast,  the  Chemistry  texts  were  only  evaluated  as

equivalent in terms of novelty of information (t(123) = -0.045, p = .964), with the NT receiving more

favourable evaluations on all other parameters (all  ps < .004). Of note, when the Math texts were

jointly compared to the Chemistry texts, they were rated as more interesting, less difficult, and less

novel (see Table 4.3).

Table 4.3. Mean and Standard Deviation of Interest, Difficulty, and Novelty per Text Topic

Interest Difficulty Novelty

M SD M SD M SD

Math texts 3.3 1.2 2.6 1 3.5 0.9

Chemistry texts 3 1.2 3 1.6 4.4 0.9

Test statistics t(124) = -2.1, p = .038 t(124) = -2.91, p = .004 t(124) = -7.71, p < .001

Participants also reported greater enjoyment and more search of information about the Math

field (M = 2.1,  SD = 2.4) than the Chemistry one (M = 1.1,  SD = 1.3,  t(124) = -2.62,  p = .01). Both
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ratings were nonetheless  low,  as  was  the reported  enjoyment  and  search  of  information about

science fields in general (i.e.,  for the five science fields presented in the perceived prior science

knowledge questionnaire, M = 2.2, SD = 0.7).

Finally, on average participants scored 3.6 (SD = 0.5) on the Need for Cognition questionnaire.

4.4.2. The Effect of Text Type, Topic, Session and Item Level on Learning Scores.

Text Type (NT, ET), Topic (Chemistry, Math), Session (Session 1, Session 2) and Item Level (from L1 to

L4) were entered as fixed effects. We also entered the interaction terms of Text Type by Topic, Text

Type by Item Level, Text Type by Session, as well as the Text Type by Topic by Item Level. Learning

scores were the dependent variable. For random effects, we included the intercepts for participants

and the Test version order, to adjust for possible variation (estimate = 0.03,  SE  = 0,  Wald Z = 7,  p

< .001, 95% CI [0.24; 0.04])1.

Overall,  when  the  influence  of  the  other  included  factors  was  considered,  all  fixed  factors

significantly impacted learning scores. Namely, Text Type (F(1, 1683.83) = 20.41, p < .001), Topic (F(1,

1683.79) = 19,  p < .001), Session (F(1, 1654.21) = 28.22,  p < .001) and Item Level (F(3, 771.93) =

91.23, p < .001) yielded significant main effects. There was also a significant two-way interaction

between Text  Type and Topic  (F(1,  122.94)  =  5.78,  p =  .018),  as  well  as  a  significant  three-way

interaction between Text Type, Topic and Item Level (F(9, 511.34) = 9.67, p < .001). The Text Type by

Session  and  Text  Type  by  Item  Level  interactions  were  not  significant  (ps  >  .164)  and  so  were

removed (Stroup, 2016).

As regards main effects, pairwise comparisons revealed that Math scores (M = 0.47, SE = 0.18)

were overall higher than Chemistry scores (M = 0.43, SE = 0.18; estimate = 0.13, SE = 0.05, t(371.91) =

2.76, p = .006, 95% CI [0.04; 0.22]), as were NT scores (M = .47, SE = .18) compared to ET scores (M =

0.42, SE = 0.18; estimate = 0.11, SE = 0.05, t(321.08) = 2.1, p = .036, 95% CI [0.01; 0.21]). Additionally,

session 1 led to higher scores (M = 0.48, SE = 0.18) than session 2 (M = 0.42, SE = 0.18, estimate =

0.06,  SE = 0.01,  t(1654.21) = 5.31,  p < .001, 95% CI [0.04; 0.08]).  As for the effect of Item Level,

multiple comparison tests revealed that scores significantly differed at all levels (all ps < .014), with

performance following a downward tendency (L1: M = 0.55, SE = 0.18; L2: M = 0.52, SE = 0.2; L3: M =

0.39, SE = 0.19; L4:  M = 0.34, SE = 0.2). Yet, pairwise comparisons showed that L4 was significantly

different from both L1 (estimate = 0.18, SE = .03, t(384.37) = 5.28, p < .001, 95% CI [0.11; 0.24]) and

1 Initially both Test version order and Text presentation order were included as random factors. These 
variables were deemed redundant by the model, a model including just one of them presented a better fit.
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L2 (estimate = 0.26,  SE = .04,  t(442.65) =  7.12,  p < .001,  95% CI  [0.19;  0.34]),  but  not  from L3

(estimate = -0.0, SE = 0.03, t(378) = -0.02, p = .985, 95% CI [-0.07; 0.07]).

As  illustrated  in  Figure  4.2,  decomposition  of  the  interaction  between Text  Type  and  Topic

revealed that the effect of text type was significant for Chemistry, with higher scores for the NT ( M =

0.49, SE = 0.25; pink (grey) bars) than for the ET (M = 0.36, SE = 0.25, F(1, 153.95) = 13.45, p < .001;

blue (black) bars). For the Math topic, however, NT (M = 0.46, SE = 0.25) and ET (M = 0.49, SE = 0.25)

scores did not significantly differ from each other (F(1, 145.67) = 0.78, p = .377).

Decomposition of the three-way interaction between Text Type, Topic and Item Level showed

that for the Chemistry texts, the NT always led to better comprehension than the ET, regardless of

the level  of  comprehension,  all  ps < .036.  As can be seen in  Figure  4.2,  this  NT advantage was

particularly pronounced at L3. Additionally, in contrast with the linear tendency of the general score

pattern (i.e., the main effect), L2 scores were the highest, followed by L1, L3 and L4. For the Math

topic there were no significant differences between text types in any level of comprehension (all ps

> .207).

Figure 4.2. Participants’ Performance in each Level of Comprehension According to Type of Text and

Topic. Mean Values and Corresponding Standard Deviations Are Presented

4.4.3. Models Controlling for Sociodemographics, Contact with Literacy, Science Background and

Evaluative and Motivational Attitudes.
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We also aimed at gathering evidence on the potential impact of some learner features on science

learning. To do so, we created four independent models similar to the previous linear mixed model,

but adding relevant covariate variables, relating to sociodemographic factors, contact with literacy,

science  background,  as  well  as  to  evaluative  and  motivational  aspects.  Other  features  initially

included were removed due to lack of significant effects (cf. Table A5, p. 217).

Whereas  the  Sociodemographics  model  did  not  yield  any  significant  results,  all  the  other

covariates positively predicted the learning score: The higher the value of the covariate, the higher

the learning score (all ps < .03; see Table A6 p. 218). Critically, besides the significant effects of all the

covariates,  the main effects and the triple interaction previously described proved to be robust,

remaining  significant  in  all  the  models  (all  ps  <  .001).  The  Text  Type  by  Topic  interaction  was

significant in the evaluative and motivational attitudes model (p = .1), yet only reached marginal

significance in the contact with literacy model (p = .059) and in the science background model (p

= .063; see Table A7, p. 219).

We then re-ran each of the four models separately, according to Text type, to examine whether

NT and ET generated different results in any of their variables. The results were strikingly similar,

with only two exceptions. The variable SRT  d’ score, from the science background model, and the

variable Enjoyment of the Chemistry and Math fields, from the evaluative and motivational attitudes

model, did not predict learning science from the ET (see Annex A8 p. 220).

4.5. Discussion

In the current study, we compared the impact of two science NT and content-equivalent ET on

the learning of low prior knowledge university students. Level of comprehension and retention were

also investigated, as well as the impact of a set of learner features. Our main hypotheses were overall

confirmed, with results showing that text type impacted learning scores, particularly under specific

conditions.  We also found that,  as predicted, some learners’  features influenced learning scores.

These findings bring novel and relevant information on the process of learning science through NT,

some of which have seldom been addressed before.

4.5.1. Text Type and Topic

Overall,  NT scores were higher  than ET scores,  with  at  least  one NT (Chemistry)  generating

learning gains compared with its ET counterpart. This result adds to the idea that different NT can
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impact learning differently, depending on the science topic (e.g., Frisch, 2010; Negrete & Lartigue,

2010), and hence that it might be more useful to study specific narrative effects, instead of aiming at

a ubiquitous effect. What’s more, it shows that university students can benefit from learning science

from NT. This is an understudied population, partly because older students have well developed ET

processing strategies, and so would not likely benefit as much from narrative learning materials,

conventionally associated to younger students. Indeed, studies on young adults found better learning

with the ET (Wolfe & Woodwyk, 2010), or only found a NT advantage in delayed tests (Negrete &

Lartigue, 2010) or among less knowledgeable students (Wolfe & Mienko, 2007). Our results seem to

be  in  line  with  the latter finding,  as  our  participants  had low levels  of  prior  knowledge  on the

assessed contents, particularly on Chemistry, where the strongest NT gains were observed.

The Math NT failed to produce a learning advantage, which may be accounted by many factors.

Though we attempted to ensure that  the narrative elements  and unfolding  were central  to  the

comprehension of the contents, some concepts may lend themselves more to be told as science NT

than others (e.g., Frisch, 2010). In the Chemistry NT, the reader accompanies a succession of practical

experiments that lead the scientist to a discovery, which is very fitting with the temporal organization

of narratives. In the Math NT, the arithmetic procedures of different notations are personalized in

the actions of  the mathematician,  rendering  the narrative elements  arguably  less  central  to  the

story’s  development.  The  differences  of  these  two  writing  approaches  may  have  impacted  the

learning of the contents.  Moreover,  the Math NT had significantly more subordinate clauses per

paragraph than any other text. These clauses have been found to be complex and hard to process

(e.g.,  Lord,  2002;  Wang,  1970).  However,  its  impact  varies  according  to  the  specific  type  of

subordinate clause, as well as other text factors (e.g., M. Costa, 2005; Gayraud & Martinie, 2008), so

the idea that subordination per se necessarily renders processing more difficult has been questioned

(e.g., Baten & Håkansson, 2015; de Ruiter et al., 2020). In fact, learning was overall higher for Math

than for Chemistry, but the possibility that the higher number of subordinate clauses contributed to

the absence of a NT advantage cannot be completely excluded.

4.5.2. Session

Learning scores were significantly higher in session 1, which stands in contrast with what we

predicted  based  on  previous  studies,  that  reported  a  more  marked  NT  advantage  on  delayed

measures. However, the lack of interaction between text type and session is indicative that the NT

learning gains were kept in session 2, as expected. It is unclear how novel this result is. Hadzigeorgiou
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et al. (2012) reported a NT advantage on both immediate and delayed measures, but whereas the

latter values were arithmetically lower they did not provide statistically comparisons. They also used

the same learning items in both tests (also Negrete & Lartigue, 2010) and a greater delay (eight

weeks) than the present study. The fact that we used slightly different questions between sessions

may have played a role in our results. Additionally, Prins et al. (2017) reported that after one week,

students retold the science NT using less factual  information. NT have been claimed to improve

retention compared with  other  text  types  (e.g.,  Mandler,  1984;  Mar  et  al.,  2021),  which  is  one

important  educational  goal,  so  the  impact  of  science  NT  on  this  outcome  warrants  further

examination.

4.5.3. Levels of Comprehension

When both topics are  considered,  scores followed a downward tendency and there was no

interaction between text type and item level. The Chemistry topic revealed a different pattern of

results. L2 scores (i.e., text inference items) were higher than L1 scores (i.e., recall item). It is possible

that Chemistry L1 items were more challenging because they required retrieving terms which were

more technical (e.g., atomic weight; polarized light; solubility) than in Math L1 items (e.g., empty

space; 1 and 10; 59). The fact that all L2 questions were multiple-choice may have also provided an

advantage  in  this  topic.  This  difference  between  topics,  combined  with  the  need  of  creating

challenging but attainable learning items, highlights the difficulties in building diverse and equivalent

materials for different topics, which is a limitation of the present study.

Moreover, we expected the observed NT advantage to be more pronounced at more elaborate

comprehension levels, which was partially confirmed in the interaction between text type, topic and

item level. In the Chemistry topic, the NT advantage was particularly marked at L3, which was one of

the  most  elaborate  levels.  The  fact  that  the  same  was  not  observed  on  L4  may  indicate  that

questions from this level were perhaps too difficult, attenuating the advantage. It can also indicate

that L3 was a more sensitive measure, perhaps because it  involved establishing connections and

explaining challenging concepts that had just been learned. Another possibility  is  that either the

content provided in the text, or the time participants had to elaborate on it, was not sufficient to

produce effects on L4.

Moreover, most previous studies did not examine (or at least did not report) differences in levels

of  comprehension  across  text  types.  Importantly,  Wolfe  and  Woodwyk  (2010)  reported  that

participants who read a science NT showed a stronger textbase representation, whereas participants
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who read the equivalent ET showed a marginally stronger situation model. Indeed, in a previous

work with the same materials, Wolfe had already proposed that the NT seemed to promote more

global processing of the text, focused on the order of events and the unfolding of the story, and that

the ET induced the processing of  more specific details  (Wolfe & Mienko, 2007).  In contrast,  the

pattern  of  the  current  Chemistry  results  seems  to  indicate  that  the  NT  was  more  efficient  in

promoting  both  levels  of  representation,  as  higher  scores  were  attained  at  all  levels  of

comprehension. These results more closely resemble the ones found by Hong and Lin-Siegler’s study

(2012), who reported better recall and complex problem-solving for a NT centred around scientists’

struggles (albeit among high schoolers).

4.5.4. Learners’ Features

Learner  features  pertaining  to  contact  with  literacy,  science background and  evaluative  and

motivational attitudes had an impact on science learning. These findings are significant because such

connections remain relatively understudied in the literature. Participants who were more familiar

with literature authors’ names had higher learning scores. This result is very informing, as previous

studies have not devoted much attention to the impact of contact with literacy on science learning

(for an exception, see Maria & Junge, 1993, who analyzed groups based on reading skill).

Correlations with learning scores have not always been found (Wilcken, 2008), but some studies

did  report  that  prior  science  knowledge  influenced  learning  from  science  NT,  namely  that  less

knowledgeable  learners  benefited more from it  (e.g.,  Wolfe  & Mienko,  2007).  As  stated earlier,

participants from the current study had low levels of prior knowledge and, overall, those who had a

stronger background in science attained better learning scores. This was true for three variables,

namely the level of contact with natural and exact sciences during formal education, the perceived

prior knowledge about the Math texts’ topics and the familiarity with scientists’ names. Yet, when

text types were analyzed separately, familiarity with scientists’ names only predicted learning with

the  NT.  This  may  signal  a  difference  in  how  NT  and  ET  were  processed,  namely  that  a  higher

familiarity  with  scientists  was  helpful  for  processing  the  NT,  which  was  built  around  scientists’

actions.

Of note, participants’ perceived prior knowledge on the Chemistry texts’ topics did not predict

learning, most likely because it was even lower that their perceived prior knowledge on the Math

texts’ topics. Indeed, the latter were rated as significantly less novel, which we were aware of, having

actually used these contents to counterbalance the weirdness provoked by the Babylonian notation
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(as discussed in the Supporting Results from Pretest 3). Math texts were also rated as less difficult, so

the higher prior knowledge on the Math texts’ topic arguably accounts for the overall higher Math

learning scores, and perhaps even for the absence of a NT advantage in this topic. In a previous

study, differences between text types were also restricted to the most difficult text (Cervetti et al.,

2009).

Another aspect that can help explain the score differences of the two topics is the interest they

induced. The interest evaluations on both topics had a significant impact on learning scores: The

more interesting they were perceived to be, the higher the learning score. Math texts were rated as

significantly more interesting than Chemistry texts and had higher learning scores. This increased

interest may help explain the absence of a NT effect in the Math topic, as one study reported a larger

NT advantage in the topic deemed less interesting by participants (Arya & Maul, 2012).

More general measures of attitudes on science and cognition, namely participants’ enjoyment of

the Chemistry and Math fields and Need for Cognition, had the same effect on general learning. Yet,

separate analysis by text type revealed that the former only predicted NT scores. This suggests that

being fond of  the science fields  to  which the texts’  belonged was particularly  important  for  NT

comprehension, and may partially account for the enhanced learning scores it produced.

Importantly, it has been reported that interesting information can interfere with learning when

overall coherence and context-dependency are low (Lehman et al., 2007), so the present results hint

at  a  coherent  intertwine  between scientific  and  narrative  information in  the  used  materials.  In

addition, though many science NT advocates base their claims on a putative affective superiority of

NT (e.g., Avraamidou & Osborne, 2009; Norris et al., 2005; Ritchie et al., 2011), few studies actually

examined  the  impact  of  interest  in  learning  scores  (Reuer,  2012).  Some reported more  indirect

evidence  (e.g.,  Hadzigeorgiou  et  al.,  2012;  Hong  &  Lin-Siegler,  2012),  while  others  failed  to

consistently find a NT affective superiority among participants (Cervetti et al., 2009). In the current

study, interest had a positive impact on learning, arguably at least partly reflected in the main effect

of topic (i.e., higher Math scores) and in the text type by topic interaction (i.e., Chemistry NT had

both higher learning and interest scores than Chemistry ET). However, it did not translate completely

on the main effect of text type, as both NT were rated as more interesting, but did not always

produce better learning scores.

Finally, sociocultural aspects (gender, income and educational level) did not significantly impact

learning scores. This was unsurprising, given the relative homogeneity of our sample.
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Crucially, main effects and interactions were mostly kept in the covariate models, attesting to

the robustness of the main results and pointing to a complex interaction between several factors

when learning science through narrative texts, that go beyond a simple “narrative effect”.

4.5.5. Recommendations for Educational Practices and Research

The present findings point to the multifaceted nature of learning and provide important clues for

educators.  For  both  text  types  and  topics,  retention  of  information  decreased  over  the  week

following the first session, challenging the idea of a ubiquitous NT superiority. Instead, retention may

have to be stimulated using other strategies (e.g., Karpicke, & Grimaldi, 2012; Roediger & Karpicke,

2006), and the factors influencing its success should be further investigated.

The fact  that we found differences across topics is  informative of the potentially  differential

effects that using NT and ET with similar contents can yield, calling attention not only to text features

but  also  to  their  interaction  with  features  from  the  learner,  activity,  and  sociocultural  context.

Overall,  the  Chemistry  materials  were  more  sensitive  to  our  manipulations,  yielding  important

insights  on  the  influence  of  text  types  on  different  levels  of  comprehension,  particularly  when

informed by affective and evaluative aspects. If, as suggested by the results on interest and learning,

the Chemistry topic was more challenging and/or less interesting, then the NT seemed to have been

particularly useful, which is in line with claims that NT materials can be used as tools for dealing with

challenging topics (e.g., Negrete & Lartigue, 2010) or as “door openers” (e.g., Gilbert et al., 2005).

However, when the topic was less challenging and more interesting (judging by the learning scores

and ratings on difficulty and text interest), neither text type nor level of comprehension significantly

impacted  learning  (i.e.,  Math).  For  pedagogical  reasons,  it  would  be  important  to  address  this

confound, ascertaining under which conditions NT are less useful to improve learning (e.g., increased

easiness or interest).  The fact  that interest did not necessarily  translate into discernible learning

gains  should  not  discourage its  use:  If  NT can improve interest  in  science learning,  they should

definitely be used as engagement tools.

Results  also suggest  that  learning  through NT may engage some processes  or  features  to  a

different  extent,  which  would  align  with  long-standing  claims that  NT  engage  readers’  minds in

specific ways (e.g., Britton et al., 1983; Bruner, 1986; Egan, 1997) that may improve science learning

(e.g.,  Avraamidou  &  Osborne,  2009;  Hadzigeorgiou,  2016).  Investigating  these  differences  and

experimenting with them can help build a better understanding of who can particularly benefit from

NT and how these educational tools can be integrated in classrooms and other learning contexts.
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Moreover,  the differences  in  text  evaluation across  text  types  and topics  highlight  that,  despite

concentrated attempt at building equivalent texts (see Supporting Material), it is difficult to predict

how they will be perceived by participants and how they will impact learning. For these reasons, and

because building materials is very demanding, we believe that it is of the utmost important to share

information about this process.

From all the covariate variables, prior knowledge has been the most addressed in studies with

science NT (e.g., Browning & Hohenstein, 2015; Flynn & Hardman, 2019; Wolfe & Mienko, 2007). The

current results,  which align with some previous data (Flynn & Hardman, 2019; Wolfe & Mienko,

2007), bring additional evidence on the impact of this variable, while also extending this concept to

other  science  knowledge-related variables  such as  level  of  contact  during  formal  education and

familiarity  with  scientists’  names.  In  contrast,  literacy  related  aspects  have  been  been  scarcely

addressed using science NT (but see e.g., Kidd & Castano, 2016; Mar et al., 2006 for investigation

using conventional, non-science, NT). This issue is worth examining further,  and there have been

claims for a greater integration of science and literacy in science education (e.g., Morais & Kolinsky,

2016; Webb, 2010).

As for the activity,  it  is  possible that the specificities of  the learning activity (reading a text,

answering written questions) affected learning from the two topics differently.  The fact  that the

current study was not inserted in a mandatory assessment context (e.g., a course), nor in a more

spontaneous and intrinsically motivated one (e.g., a museum) should be considered.

On the one  hand,  the current  learning  situation served  an experimental  purpose,  providing

greater  control  and  internal  validity,  while  also  avoided  ethical  issues  that  could  arise  from

unbalanced learning outcomes in a formal education setting. On the other hand, its combination of

formal  (e.g.,  structure  and  assessment)  and  informal  (voluntary  and  non-accredited  activity)

elements  may have created obstacles  of  its  own.  Both the texts  and some learning  items were

challenging, and the lack of a broader educational context (and hence of ecological validity) may have

interfered with people’s engagement. Some participants may have even felt somewhat intimidated

by this approach, with some commenting that they did not have a strong science background, or that

they were not good at it.  Others may have been more careless than they would be in a formal

situation. Resistances to NT as a learning tool (see Chapter 3) may also be better framed in longer

interventions or in more informal ones (e.g., Callanan et al., 2011; Kokkotas et al., 2010; Murmann &

Avraamidou, 2014).

Although we did not delve as much in interactions with the sociocultural context, and did not

find  significant  results  related  to  these  variables,  examining  this  dimension  can  provide  crucial
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insights (e.g., Arya & Maul, 2021; Chappell & Varelas, 2020; Lin-Siegler, 2016; Malone & Barabino,

2009). For instance, it is possible that the learning differences across topics were also influenced by

contextual and sociocultural differences stemming from the Math and Chemistry disciplines.

All in all, learning science seems to engage features beyond the science contents, many of which

are common to NT and ET, but some that may be specific to NT. Educators can strengthen and work

on  these  different  aspects  when developing  strategies  to  create  more  meaningful  and  effective

science learning. To this end, it can be very useful to frame interventions’ questions and tasks using

the RAND framework, which encompasses all these facets. It can also be helpful to ground learning

measures’ development and evaluation on a cognitive model of text comprehension such as the C-I

model, so that levels of representation and corresponding cognitive operations can be better tapped

into.

4.6. Conclusion

Knowing how to best teach science is an ongoing challenge. We showed that text types can

impact learning from science topics differently and that NT might be particularly useful when topics

are less interesting and/or more challenging. The Chemistry NT afforded better learning than its ET

counterpart at various levels of comprehension, but the learning yielded by the Math NT was equally

good and this text was considered more interesting, addressing yet another challenge of science

education. In fact, although the learning effects observed are robust, our results suggest that the

interpretation of these outcomes benefits from considering various learner features, such as ones

related to science background, contact with literacy and evaluative and motivational attitudes. All in

all, the current findings underline the importance and usefulness of investigating narrative effects,

made up of specific interactions between the different facets of learning, laying seeds for future

research and providing diverse cues as to how educators may tackle this subject and tailor their

practices using this educational tool.
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CHAPTER 5

All too Human: An Eye-Gaze and Behavioural Exploratory

Study on the Impact of Human Action when Learning from a

Science Narrative

This chapter was based on the following manuscript: Soares, S., Frade, S., Jerónimo, R., & Kolinsky, R.

(2022).  All  too Human: An Eye-Gaze and Behavioural Exploratory Study on the Impact of Human

Action when Learning from a Science Narrative [Manuscript submitted for publication to Reading

Research Quarterly], CIS-Iscte, Iscte–Instituto Universitário de Lisboa.

Part of the results described in this Chapter were presented at the following conferences: Soares, S.,

Frade, S., Jerónimo, R., & Kolinsky, R. (2022, May 19-20). Major ToM to ground control: using Theory

of Mind when learning from a science narrative [Oral presentation]. XVII PhD Meeting in Psychology,

Lisboa, Portugal.

5.1. Abstract 

Science is a human endeavour, and narrative texts (NT) can be used to highlight this notion during

science  learning.  However,  the  elements  capturing  readers’  attention  and  the  human-related

thoughts triggered when reading science NT still need to be further explored, as does their impact on

learning. In this study, we set out to explore how attention to and thoughts on human action occur

and impact learning from a science NT at different levels of comprehension. To this aim, 44 university

students with low prior science knowledge read a chemistry NT containing depictions of mental and

sensorimotor actions, while their  eye movements were recorded.  They then  answered questions

about the text, assessing the extent to which they engaged in thoughts on human action and the

learning of the science contents. They also completed a general measure of attribution of intentions.

Ancillary measures related to learners’ contact with literacy, science background, and motivational

attitudes complemented the study.  Linear  mixed models  and correlation analysis  were the main

methods  of  analysis.  Results  showed  that  attention  to  mental  and  sensorimotor  actions  during

reading  impacted  learning  at  different  levels  of  comprehension,  as  did  engagement  in  specific
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human-related thoughts, some related to Theory of Mind. Crucially, these processes had joint effects

on learning, which remained significant when ancillary measures were considered.  These findings

suggest  that human action plays an important role when learning from science NT, encouraging

attention to specific text elements and human-related thoughts. Recommendations for research and

educational practices are presented.

Keywords: science learning, science narrative text, eye tracking, human action, Theory of Mind

5.2. Introduction

Science texts are key tools in science education (Mason et al., 2013; Sinatra & Broughton, 2011), but

their trademark human and social decontextualization has been pointed out as an obstacle to science

learning (e.g., Sánchez Tapia et al., 2018; Solomon, 2002). At the same time, there have been claims

for a greater integration between science and literacy processes and for increasing the textual variety

in science education (e.g., Morais & Kolinsky, 2016; May et al., 2020; Pappas, 2006). Narrative texts

(henceforth, NT), which provide such an integration and variety,  have been advocated as a tool to

help  overcome  the  human  and  social  decontextualization  of  science  materials,  for  instance  by

bringing learners closer to their social and cultural frames of reference (e.g., Arya & Maul, 2021;

Aukerman & Schuldt, 2021; Clough, 2011).

NT are thought to capture attention because they centre on human action (e.g., Bruner, 1986;

Ricoeur, 1992; Larison, 2018). Human action-related features thought to effectively capture learners’

attention include being drawn to the human side of science (Arya & Maul, 2012), getting emotionally

involved with characters (Banister & Ryan, 2001), and wanting to find out how the story ends (Norris

et al., 2005). There have been indeed reports of students being more focused and attentive in classes

based on science NT than in regular science classes (Hadzigeorgiou et al., 2012; Morais et al., 2019;

Murmann & Avraamidou, 2014), which tend to be based on expository materials (e.g., Avraamidou &

Osborne,  2009).  Yet,  further  research  is  needed  to  ascertain  whether  human-related  features

actually capture readers’ attention, and how dedicating attention to these features impacts science

learning.

Eye tracking measures can provide valuable insights on these issues. NT and the expository texts

used in science teaching usually  tend to have different reading purposes and contents.  Whereas

science texts present abstract, and often difficult, concepts (e.g., Best et al., 2005; Graesser et al.,

1991;  Sinatra  &  Broughton,  2011),  NT  tend  to  deal  with  everyday  events,  and  therefore
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understanding characters,  intentionality,  as well  as temporal  and spatial settings becomes crucial

(e.g., Graesser et al., 1991; Zwaan & Radvansky, 1998). Consistently, eye-gaze studies examining the

processes  underlying  the  reading  of  expository  texts  and  NT  have  found processing  differences

among them (e.g.,  Gómez-Merino  et  al.,  2022;  Kraal  et  al.,  2019).  However,  to  the  best  of  our

knowledge, no such study has investigated learning science from NT.

Regarding features of non-science NT, depictions of human action have been found to impact

gaze behaviour (Eekhof et al., 2018; Mak & Willems, 2019). Importantly, these depictions are argued

to be an important part of the NT reading experience, as readers use the described sensorimotor and

mental events to enrich their representations of the text and engage in mental simulation (e.g., Mak

& Willems,  2019;  Zwaan,  2009).  Information on science learning  comes instead from studies  on

expository texts, which have shown that strategic re-reading is related to better learning (Hyönä et

al., 2002; Ariasi & Mason 2011; Mason et al., 2013; Mikkilä-Erdmann et al. 2008).

Besides attention to human action, it is important to examine whether science NT can trigger

thoughts on human action, and whether these also impact learning. As they centre around human

action,  NT  are  proposed  to  bring  science  materials  closer  to  our  everyday  thinking  mode (e.g.,

Bruner, 1986), and to scientists as well. Namely, NT can capture the human and cultural context in

which science is  developed,  humanising scientific meaning (e.g.,  Egan, 1997)  by encouraging the

framing  of  science  as  a  human  and  social  process  (e.g.,  Arya  &  Maul,  2021;  Clough,  2011;

Hadzigeorgiou  et  al.,  2012;  Kubli,  2005).  In  turn,  this  enhanced  depiction  of  human  and  social

elements is proposed to make learners vicariously experience scientists’ thoughts and feelings (Arya

& Maul, 2012; Hong & Lin-Siegler, 2012; Klassen, 2006), and to use perspective-taking to connect

with scientists’ ideas and actions (Larison, 2018; Solomon, 2002). In line with these claims, science NT

have been reported to help students view science as a human process (Evangelista & Zimmermann,

2008; Leipzig, 2018), and presenting scientists’ actions and struggles made students view scientists as

hard-working individuals (e.g., Arya & Maul, 2021; Hadzigeorgiou et al., 2012; Lin-Siegler et al., 2016).

Feelings  of  connection and  attempts  at  view things  from the  scientist’s  perspective  can  be

connected to Theory of Mind (ToM).  ToM is an umbrella term encompassing a series of abilities

linked with attributing and understanding mental states in oneself and others (e.g., Baron-Cohen et

al., 1985), such as being able to take other people’s perspective and infer their specific thoughts and

feelings (e.g., Beaudoin et al., 2020). In NT reading, engaging in such processes can be facilitated

when readers feel transported into (Green & Brock, 2000), or immersed in (Ryan, 2001) or absorbed

by (Kuijpers et al., 2014) the situation described and by the mental and social life of its characters
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(see also Dodell-Feder et al., 2013; Mar & Oatley, 2008). We will thus refer to this set of processes as

ToM-related ones.

ToM-related processes have been chiefly investigated with conventional NT (i.e.,  non-science

NT; e.g., Kim, 2015; Mar & Oatley, 2008; Oatley, 2016). NT comprehension involves a wide brain

network extending beyond language areas and overlapping with regions of the ToM network (e.g.,

Mar  2004;  Mason & Just,  2009;  Xu  et  al.,  2005).  In  addition,  many  studies  present  compelling

evidence that NT, in particular fiction, trigger processes such as transportation into the text’s world,

taking  the character’(s’)  perspective,  inferring  character’s  mental  states,  and feeling  emotionally

connected to them (e.g., Djikic et al., 2013; Mar & Oatley, 2008; Oatley, 2016). To the best of our

knowledge,  ToM-related processes  have not  been explicitly  referenced in  studies  on science NT

(Soares et al., 2022a). However, some findings suggest that students engaged in them. Studies whose

narrative texts underlined scientists’ struggles reported feelings of connection (e.g. Hadzigeorgiou et

al.,  2012;  Lin-Siegler  et  al.,  2016),  and  studies  using  narrative  texts  with  fictional  non-human

characters  observed attempts to adopt  the character’s  point  of  view (Jetton,  1994;  Murmann &

Avraamidou,  2014).  Immersion  into  the  narrative  learning  activity  has  also  been  reported

(McQuiggan et al., 2008; Murmann & Avraamidou, 2014).

Human elements are thus thought to enhance learning, as they render science materials more

interesting (e.g., Arya & Maul, 2012; Hong & Lin-Siegler, 2012), relatable (e.g., Gilbert et al., 2005;

Hadzigeorgiou  et  al.,  2012),  and  memorable  and/or  understandable  (e.g.,  Arya  &  Maul,  2012;

Hadzigeorgiou et  al.,  2012;  Hong & Lin-Siegler,  2012).  At  any rate,  thinking about human action

warrants more investigation in studies using science NT.

5.2.1. The Present Study

The  overarching  goal  of  the  present  study  was  to  investigate  how  processing  human-related

information in science NT impacts science learning. This goal was pursued in two ways.

Firstly, we aimed at investigating, through eye gaze analysis, if dedicating attention to depictions

of human action while reading a science NT impacts science learning. We analysed different kinds of

human action, considering separately those that would reflect processes connected to sensorimotor

simulation and those that would tap into mental simulation. Indeed, Mak and Willems (2019) found

that depictions of mental states were gazed for longer than depictions of motor actions. As these

depictions of human action occur at the clause/sentence level, we selected gaze measures that tap

into relatively late, high-level comprehension and integration processes (e.g., Rayner et al., 2004), as
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in previous studies examining comprehension processes at a similar level (e.g., Ariasi & Mason, 2011;

Hyöna et al., 2002). We focused on second pass reading, given that it reflects more conscious and

strategic reading than first pass reading (Holmqvist & Andersson, 2017; Hyönä et al., 2003; Rayner,

2009) and on the number of regressions, given that rereading increases comprehension (Schotter et

al., 2014).

Our second aim was twofold: To examine whether processes related to thinking about human

action occur,  and whether they impacted the learning  of  the science contents  as  well.  We first

examined the extent to which reading a science NT triggered thoughts on human action. One way of

doing this was by examining if participants mentioned human and social elements when asked open-

ended questions about the text that did not explicitly refer to such elements. Being indirect, this

measure provides compelling indication that, when learning from a science NT, scientific meaning is

humanised, as science is framed as a human and social activity (e.g., Arya & Maul, 2021; Clough,

2011; Hadzigeorgiou et  al.,  2012).  Another way to examine the same question was by analysing

participants’ engagement in ToM-related processes. As we are not aware of tasks evaluating various

ToM-related processes in connection with a specific text,  we analysed participants’  self-reported

engagement  in  four  processes  known to be important  for  (non-science)  NT,  viz.,  transportation,

perspective-taking  and cognitive and affective ToM  (e.g.,  Djikic et al.,  2013; Mar & Oatley, 2008;

Oatley, 2016). That is, we evaluated if and how participants felt transported into the text, tried to see

things  from  the  scientist’s  perspective,  and  inferred  the  scientist’s  thoughts  and  feelings,

respectively.  As a complement to  these self-reported measures,  we included  an adaptation of  a

comic-strip task (Vistoli et al., 2015; J. Fernandes et al., 2022), which provides  a general and non-

verbal measure of ToM ability, unrelated to the reading of the text. This task delivers a rather pure

measure of intention understanding (Eddy, 2019), as it requires participants to infer a character’s

intention. This measure allowed us to differentiate the contributions of ToM general abilities and

text-dependent thoughts on human-action (some of which ToM-related) on science learning. Given

the  variety  of  measures  tapping  into  thoughts  on  human action,  to  investigate  their  impact  on

learning we first examined how these different measures linked to each other.

Should both attention to and thoughts on human action significantly impact learning, we wished

to explore if their impact is concurrent, or whether one of these effects has more explanatory power

than the other. Besides determining their general effects on learning, we also sought to explore how

attention  to  and  thoughts  on  human  action  more  specifically  relate  to  different  levels  of

comprehension. To this end, learning was conceptualised and operationalised in the framework of

the Construction-Integration (C-I) model (Kintsch, 1988), widely regarded as the most comprehensive
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cognitive  model  of  text  comprehension  (McNamara  &  Magliano,  2009).  This  model  posits  that

comprehension is achieved at different levels of processing, namely at the  textbase and  situation

model levels, corresponding to memory and learning, respectively. These notions have been applied

in several lines of research relevant for the present work, such as studies investigating learning from

science narrative texts (Arya & Maul, 2012), examining science learning using eye tracking (Mason et

al., 2013), and arguing for the involvement of ToM processes in narrative text comprehension (Kim,

2015).

Complementarily,  we  aimed at  examining  if  participants’  contact  with  science,  literacy,  and

motivational  attitudes impact learning.  Familiarity  with  literature authors  and scientists  are  both

relevant  measures  for  the question at  hands,  as  the text  we used combines NT processing  and

science content learning. The impact of interest in learning is well-established (e.g., Fredricks et al.,

2018; Wigfield & Guthrie, 2000), and attention to human action has been reported to be influenced

by the level  of  appreciation of  the NT (Mak & Willems,  2019).  In addition, these three ancillary

measures have previously been shown to impact learning from science NT (Soares et al.,  2022b).

Crucially, besides uncovering the potential impact of these measures, examining their effect along

with  the  effect  of  attention  to  and  thoughts  on  human  action  allowed  us  to  further  test  the

robustness of the latter, while also testing alternative explanations of the observed effects.

5.2.2. Hypotheses

Given how understudied all these aspects are in the context of science NT, the present study was

largely exploratory. Regarding our first aim, we expected at least one kind of human action depicted

in the NT to significantly impact learning, yet we were unsure whether one kind would be more

impactful than the other,  or which gaze measure would prove more robust.  As a matter of fact,

although Mak and Willems (2019) found that parts of the text depicting mental states were gazed for

longer than parts depicting motor actions, their study did not involve science NT and did not connect

gaze measures to learning outcomes. It was also uncertain whether attention to human action would

be particularly associated to specific levels of comprehension.

As for our second aim, we expected inter-individual variability both in how much the reading of

the science NT triggered thoughts on human action, and in the text-independent ability to attribute

intentions, as measured by the comic-strip task. Previous studies that used this task compared these

outcomes  in  clinical  and  neurotypical  groups  or  examined  exclusively  male  populations  (e.g.,  J.

Fernandes et al., 2022; Oker et al., 2019; Roux et al., 2016), so it was hard to predict if attribution of
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intentions would be reflected in both RTs and accuracy differences or in just one of them, such as RT,

which may eventually be more variable. In any case, based on previous literature, we expected to

find connections between these different measures of thinking about human action. To mention a

few examples, feeling transported into the text facilitates adopting characters’ perspectives (e.g.,

Mar & Oatley,  2008),  perspective-taking  is  associated with  increased discriminability  of  affective

states  (Vaccaro  et  al.,  2022),  and  perspective  taking  is  influenced  by  attribution  of  intentions

(Furlanetto et al.,  2013).  As these measures likely engage cognition differently,  we also expected

them to be linked with different levels of comprehension.

5.3. Method

5.3.1. Participants

A  total  of  45  undergraduate  students  from  the  Psychology  and  Social  Service  courses

participated in the study. To examine the specific impact of the text on science learning, participants

were selected to have, in principle, little prior knowledge on exact and natural sciences. Students

enrolled in courses where chemistry, physics, biology or mathematics (besides statistics) are central

were thus excluded. In addition, participants had to be native speakers of European Portuguese and

have  no  diagnosed  language  or  developmental  disorder,  or  uncorrected  vision  problems.  These

criteria were ascertained through a pre-screening questionnaire. Sample size was determined based

on previous eye tracking studies that investigated learning from text (e.g., Ariasi et al., 2017; Catrysse

et al., 2018).

Data from one participant were removed from the analyses due to poor spatial accuracy of the

gaze pattern (i.e., the distance between the actual and reported gaze positions). The final sample

included 44 participants (39 women, 5 men), aged from 18 to 25 years (on average, 20 years; SD = 2).

5.3.2. Materials, Procedures and Data Analysis

Figure 5.1. offers an overview of the main tasks and corresponding measures used in the present

study, which will be presented in more detail in the following sections.
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Figure 5.1. Flowchart of the General Procedure Depicting Main Stages, Tasks and Measures

Note. SRT: Science Recognition Test; ART: Author Recognition Test; SR: self-report; OE: open-ended

Attention to Human Action: Text Reading and Eye-Gaze Data Collection.  We used a chemistry NT

with 785 words that had been previously pretested and used in another study (Soares, 2022b) , in

which it promoted better learning than its expository counterpart. The text dealt with the concept of

molecular chirality. It explained that crystals can have the same molecular composition but different

molecular structures, providing two specific examples and describing methods that can be used to

examine these parameters. The process of discovery led by Louis Pasteur guided the unfolding of the

text,  with science contents being described according to his  thoughts and actions in a temporal

succession  (Adam,  2011;  Norris  et  al.,  2005).  Science  and  narrative  information  were  closely

intertwined, and  the latter was central to the comprehension of the former,  thus increasing the

fruitfulness of NT as science learning tools (e.g., Fisch, 2000; Glaser et al., 2009).

This  passage illustrates the text:  “Afterwards,  Louis  decided to analyse the structure of  the

crystals and to do so he pointed a light into the crystals and observed the direction to which this light

was  deflected as  it  passed through them”.  We identified the  sections of  the text  that  included

descriptions  of  human actions  and  defined  them  as  areas  of  interest  (AoIs)2.  We  differentiated

between verbs conveying mental actions (e.g.,  “decide”;  in bold in the example provided above;

2  The original Portuguese text and the English translation can be found at https://osf.io/dnwev/?
view_only=362f2ec0b27241ada656d6cffd76d3a2
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henceforth, mental AoIs) and those depicting sensorimotor actions (e.g., “pointed”; in italics in the

example; henceforth,  sensorimotor AoIs). An example is the following sentence: “. There were 17

mental AoIs (average of the number of characters without spaces: 94.61, SD = 28.94, from 31 to 145

characters) and 18 sensorimotor actions AoIs (average of the number of characters without spaces:

93.24, SD = 27.48, from 29 to 133 characters). The words immediately following the verbs were also

considered if this was necessary to ensure the grammaticality of the AoI by European Portuguese

standards, and hence that the AoIs could work as autonomous clauses.

The  stimuli  were  presented  using  SR  Research’s  Experiment  Builder software  (SR  Research,

Ottowa, Canada), on a 22-inch monitor with a resolution of 1600 x 900 pixels (32 bits per pixel). The

text was divided into 8 sections/pages, that were presented to the participants one at a time. They

were presented as black letters on a white background, in an 18-point Courier New font. Between

different  lines  on  a  page,  there  was  a  3.5-line  space  interval.  For  presentation of  the  sections,

minimum margins of 50 pixels were used on all sides. The Experiment Builder software automatically

marked each word as a segment to be analysed. There was no space between these segmentations

and their boundaries were centred between horizontally and vertically adjacent words. The mean

time to read each page was 40.06 second (DP = 15.88), the number of characters in each page ranged

from 463 to 666 characters (without spaces).

Data were processed and analysed with the Eyelink Data Viewer 4.2.1 Software (SR Research,

Ottowa, Canada), SPSS and R. Data quality was verified prior to data export (Orquin & Holmqvist,

2019).  First,  fixations  that  had  a  duration  inferior  to  80ms  were  excluded.  Then,  fixations  that

diverged too much from the lines of the text, that is, consistently falling into the interest areas of the

next line, were corrected. We did a manual drift correction that shifted either all fixations or, in a few

cases,  the upper  or  bottom half  of  the fixations  on the page,  on the vertical  axis  (for  a  similar

approach see Eekhof et al., 2018). Data was only considered for the first time reading each page, as

there  were  only  a  few pages  (1  in  four  participants)  re-read  by  the  participants  (1.12% of  the

collected data).

In order to have a duration and a count measure, we extracted the second pass dwell times

(summation of the duration of all  fixations in AoI after first exiting the area) and the number of

regressions  (the  number  of  times  AoI  were  re-entered  after  moving  forward  in  the  text),

respectively3. To control for the length of the AoIs, each one of these measures was computed as a

ratio per character (Hyönä et al, 2002; Ariasi et al., 2017).

3 As it is strongly correlated with dwell time, fixation count was not included in the analysis (Tullis & Albert, 
2013)
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Learning  Evaluation.  A total  of  10  items assessed  learning  of  the  science  content.  These  items

belonged to four levels (henceforth, Item Level), which prompted different degrees of elaboration of

information. This allowed us to tap into to four levels of comprehension within the learning scores

(henceforth, Levels of Comprehension), based on the C-I model (Arya & Maul, 2012; Kintsch, 1998).

Level 1 (L1) items required retrieving information that had been explicitly mentioned in the texts and

so was related to coherence building at the level of individual propositions (e.g., “The light which is

used to examine the structure of a crystal is called ___ light”). L1 items could be gap filling, short

answer (enunciate or enumerate), and multiple-choice questions. Level 2 (L2) items, which were all

multiple-choice,  required inferring  information that was not  explicitly  mentioned in the text  but

could  be  extracted  from  information  that  was,  which  requires  establishing  coherence  between

propositions (e.g, “their [tartaric crystals] mirror-image crystals deflect polarized light to the left”,

which was never directly referred to in the texts). Level 3 (L3) items tapped the understanding of key

conceptual ideas from the texts, which requires establishing the propositional meaning of the text

(e.g.,  “explain  how  to  analyse  crystals  using  a  polarimeter,  and  which  characteristics  can  be

examined”). Finally, Level 4 (L4) items required integrating key conceptual ideas with the reader’s

own understanding of the text (e.g., extra-text inferences), such as applying them in a novel situation

(e.g., “apply the learned knowledge about molecular structure and composition to a hypothetical

scenario  related  with  glucose  absorption”).  All  L3  and  L4  items  were  open-ended  (see  the  full

examples in Table 5.1).

Care was taken to ensure blind scoring: Participants were attributed a new randomly generated

number, and their order in the database was shuffled according to it. Because items tapped different

degrees of elaboration of information, they were scored in a way that matched this difference in

complexity: L1 questions were scored between 0 and 1 point, L2 questions between 0 and 2 points,

L3 questions between 0 and 3 points and L4 questions between 0 and 4 points. Responses to open-

ended  items  were  scored  by  the  first  author  according  to  four  degrees  of  elaboration,

comprehensiveness, and sophistication, using the same guidelines presented in Chapter 4 (Table A4,

p. 216). At least 30% of these responses were scored by a second independent rater. After initial

training sessions, inter-rater reliability, estimated by weighted Cohen’s kappa coefficient, was above

78%  in  all  cases.  Remaining  differences  were  solved  through  discussion  until  a  consensus  was

reached. Scores were then normalized and averaged per item level and per participant, so that they

could be used as dependent variables.
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Table 5.1. Example of Learning Items from each Item Level

Item Level Example of Learning Item

L1 Fill in the gaps.
The light which is used to examine the structure of a crystal is called ___ light.

L2 Choose the correct option about tartaric crystals:
1. their mirror-image crystals deviate polarized light to the left
2. they do not deflect polarized light
3. their mirror-image crystals have a different chemical composition
4. they do not have the same solubility level as paratartaric crystals

L3 The polarimeter is an instrument that can be used to analyse crystals. Two characteristics that can be
analysed are the crystal’s chemical composition and molecular structure.
1. Explain how to do analyses using a polarimeter.
2. Such analyses reveal information on the chemical composition and the molecular structure  of a
crystal? Explain why.

L4 Glucose  is  sugar’s  basic  molecule,  and it  is  absorbed by  the human body.  When analysed with a
polarimeter, its structure deflects polarized light to the right. In medical conditions such as diabetes,
people should not absorb much glucose. Taking this information and the text you read into account, do
you think it could be possible to create a molecular alternative that allowed these people to consume
sugar? Explain how and justify your explanation.

Thoughts on Human Action: Self-Reported Measures and Behavioural Tasks.

Transportation,  Perspective-Taking,  Cognitive  ToM  and  Affective  ToM. Immediately  after

reading the text, participants were asked to self-report, on a scale of 1 to 5, how much they had

engaged  in  four  ToM-related  processes  during  reading.  The  items  were  taken  or  adapted  from

concepts and tasks from relevant literature (affective vs. cognitive ToM: Shamay-Tsoory & Aharon-

Peretz, 2007;  Interpersonal Reactivity Index: Davis, 1980;  Narrative Transportation Scale: Green &

Brock, 2000). In addition to the four items tapping into ToM-related processes, four distractor items

unrelated to ToM, but instead related to the participants’ lives and relationship with chemistry, were

included to attenuate the social desirability bias (see Table 5.2).

When participants rated their engagement in ToM-related items as 3 or more, they were asked

to further elaborate on this engagement in written responses to open-ended questions (e.g., Please

try to explain how you tried to see things from Louis Pasteur’s perspective. You can elaborate on

your answer, and even refer back to parts of the text). Two types of measure were thus collected for

each ToM-related item: Participants’ ratings of their engagement (henceforth,  engagement  rating)
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and the degree of their engagement (henceforth, engagement degree). The latter could range from 0

(when  engagement  ratings  were  below  3  or  no  written  response  was  provided)  to  4  (written

responses denoted a high level of engagement; the complete scoring guidelines can be seen in Table

B1,  p.  221).  As  each  ToM-related  item  generated  two  measures  (e.g.,  rating  and  degree  of

engagement in perspective-taking), a total of eight measures pertaining to ToM-related processes

were collected.

Table 5.2. Examined ToM-Related Processes and Unrelated Aspects and Corresponding Items

Examined Process/Aspect Item

ToM-Related Items

Transportation/Immersion I tried to imagine myself in the place of the events

Perspective-Taking I tried to see things from Pasteur’s perspective

Cognitive ToM I thought about what Pasteur might have thought

Affective ToM I thought about what Pasteur might have felt

Distractor Items

Chemistry I tried to recall chemistry contents

Chemistry I thought about the chemistry classes I had

Personal Life I thought about things that happened to me recently

Personal Life I thought about things I need to take care of in my life

Humanising  Meaning. After reporting their  engagement  in  ToM-related processes  we asked

participants two more general, open-ended, questions regarding the reading of the text. The first

question was: “Which main ideas do you take from this text?”, which was evaluated as a measure of

“humanising  main ideas”. The second question was: “Did the text raise any sort of question? This

may include doubts, curiosities, things you would like to know or found interesting, among others”,

which was evaluated as a measure of “humanising  curiosity”. For both these questions, we scored

the extent to which participants referred to human and social aspects and actions in their responses,

ranging from 0 (no response) to 3 (the response made extra-text connections to human elements;

see the complete scoring guidelines in Table B2, p. 222).

Attribution of Intentions. The last completed task was an adaptation (J. Fernandes et al., 2022)

of the comic-strip task paradigm described by Vistoli et al. (2015). In this task, comic strips including

four black and white pictures are sequentially presented. The first three pictures build up a situation

that reaches its  denouement in picture four, and participants must evaluate if  that forth picture
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presents a logical or congruent ending to the preceding sequence of events (i.e., the three previous

images).  There  are  three  different  experimental  conditions.  The  attribution  of  intentions  (AI)

condition depicts situations driven by the intentions of a character (e.g., fetching a chair to reach for

something); the physical causality with objects condition depicts situations whose result is a strict

consequence of the laws of Physics and has no human character (e.g., wind blowing out a candle);

and the physical causality with character condition also depicts situations resulting from physical

rules, but where a human character is present (e.g., an apple falling on someone’s head). In contrast

to  these  two  latter  conditions,  correct  responses  to  AI  trials  require  participants  to  infer  the

character’s intention. This setup thus discriminates the ability to decipher the character’s intentions

from the ability to understand physical causality, while also controlling for the mere presence of

human characters.

The comic-strip task was presented  using  E-Prime 3.0  (Schneider et al., 2002). The procedure

was the same for each comic strip (i.e., trial): The first three pictures were shown for 2000 ms each,

separated  by  200-ms  blank  screens.  The  fourth  picture  was  presented  for  5000  ms  and  was

differentiated  from  the  previous  three  by  a  dark  red  border  marking  it  as  the  strip’s  ending.

Immediately after, a written question asked the participants to respond, as fast and accurately as

possible,  if  the  fourth  picture  presented  a  logical/congruent  ending  to  the  sequence  of  events

presented in the three preceding images. The question was presented on a white background for

5000 ms, or until participants answered. Half of the fourth pictures presented congruent endings and

the other half incongruent endings, which were counterbalanced between participants. Participants

answered by pressing specific yes/no keys on a keyboard adapted to the dominant hand. After the

participants’  answer  or  after  the  answering  time  ran  out,  a  black  fixation-cross  on  a  white

background appeared for 1500 ms, separating trials.

Task  instructions  were  presented  on  the  screen  and  reinforced  by  the  researcher.  Each

participant had training session comprising 4 trials of each of the three conditions, always different

from those of the main experiment. The main experiment comprised three runs of 24 trials (8 of each

condition) separated by short breaks, whose duration was controlled by participants.  Strips were

never repeated within the same participant. The task lasted for about 20 minutes and the collected

measures were accuracy and RTs on correct responses.

Ancillary  Tests.  Participants  completed  a  set  of  ancillary  tests  that  assessed  their  contact  with

literacy, science background, and evaluative and motivational attitudes on science and cognition. We
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will only present the measures that were included in the reported analyses (based on Soares et al.,

2022b); complete information on additional measures can be found in Chapter 4.

The  mean  rating  of  participants’  interest  in  the  text  (on  a  5-point  scale,  from low to  high

evaluation) was used as a measure of motivational attitude. This parameter was assessed along with

other  evaluative  aspects,  viz.,  clarity,  interest,  novelty,  difficulty,  cohesion,  local  coherence,  and

global coherence.

Measures of exposure to literacy and to scientists were provided by the Author Recognition Test

(ART; Stanovich & West, 1989). The ART was originally designed by Stanovich and West (1989) to

reflect  cumulated  reading  practice  in  a  way  that  avoids  social  desirability  biases.  The  Scientist

Recognition Test (SRT) we designed was derived from the ART. In these checklist tests, participants

are asked to tick among fictitious foils either actual literary author names or actual scientist names,

respectively.  The  ART  version  used  in  the  presented  study  was  adapted  to  include  Portuguese

authors and to provide a balance between popularity and literariness,  spanning different genres.

Following the recommendation of a text linguist with whom we collaborated, this was done by taking

into account the reading recommendations of the Portuguese National Reading Plan (which are used

in  schools),  the  tops  of  famous  authors  from  diverse  websites,  and  book  sales  tops  from  big

bookshops. It included 50 items (40 foils). Similarly, the SRT included scientist with different degrees

of popularity and from diverse science fields by looking into Portuguese school curricula, tops of

famous scientists from diverse websites and book sales tops from big bookshops. It included 50 items

(40 foils). For both tests, we computed  a  d’ Signal-Detection index (Macmillan & Creelman, 2005)

built from the hits on authors or scientists and false alarms on foils.

5.3.2. General Procedure

The study was approved by the ethics committee of the university where it took place (agreement

51/20). Data collection took place in  November and December  2020, and all participants received

course credits  for their participation.  Beforehand, students  completed a screening test to ensure

they fit the study’s participation criteria, and were informed of the conditions of data collection with

eye tracking. Namely, that the recording did not involve filming the person’s face nor collecting any

biometric data, and that the data collection process could cause a slight discomfort. The students

who passed the screening test were sent part of the ancillary tests.

The  experimental  session  was  individual  and  lasted  about  1  hour.  They  took  place  at  the

laboratory of the university that participants attended, in a quiet room with constant luminosity.
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Except for a reading age test (see Chapter 4), all tasks were completed at the participants’ own pace

on a computer. Except for the science text and the comic-strip task (see above), all computer tasks

were presented through  Qualtrics.  The researcher provided general  instructions and encouraged

participants to speak if any doubt arose.  Detailed instructions were also provided for each task on

the computer screen.

Participants began by reading and signing an informed consent, being told that the study aimed

at identifying and understanding the conditions that contribute to learning from text.  Then, they

completed the reading age test, a prior science knowledge questionnaire on five science fields, rated

their interest and active search of information on the same science fields, and completed the SRT and

the  ART.  These  tasks  had  to  be  completed  before  reading  the  texts  because  they  contained

information that could be acquired through the texts (e.g., about chirality). After finishing this first

set of tasks, participants read the text while their eye movements were recorded using a SR Research

Eyelink Portable Duo eye-tracking system. Data were recorded with a sampling rate of 2000Hz. A

standard  9-point  calibration  and  validation  procedure  was  used  and  both  eyes  were  tracked.

Participants were  asked to take place on an adjusted and comfortable  chair  in  front of  the eye

tracking equipment. They were told that the text would be divided in various pages and that they

should read it and move through the pages at their own pace, by pressing the right arrow key. They

were also told they should try to understand the text’s contents and that they could go back to a

previous paged if they wished, by pressing the left arrow key. They were warned that they should be

as quiet as possible and avoid moving their heads. Participants then placed their head on a chin rest,

which supported and stabilized their head and assured a constant distance of ≅ 70 cm between the

screen and the participant’s eye (cf., Catrysse et al., 2018; Korinth & Fiebach, 2018). The researcher

initiated the task with a nine-point calibration and validation procedure. After successful calibration,

additional drift checks were performed at the onset of each page to ensure identical start positions

for the eyes.

After reading the text, participants informed the researcher, who asked them to sit in front of

other  computer  where  they  would  perform the  remaining  tasks.  They  began  by  reporting  their

engagement  in  ToM-related  processes  (and  unrelated  aspects)  during  the  reading  of  the  text,

followed by text evaluation scales (more information in the Chapter 4). They then answered the two

open-ended questions on the ideas prompted by the text, followed by the learning evaluation. The

session ended with the completion of the comic-strip task (cf. Attribution of Intentions for the full

procedure).
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This study was not preregistered. Materials, analysis code and data are available by emailing the

corresponding author.

5.4. Results
Data were analyzed using JASP (version 0.16.3; JASP Team, 2022) and IBM SPSS Statistics for Linux,

version 27 (IBM Corp., Armonk, N.Y., USA). Questions were analysed through linear mixed models

and exploratory correlation analysis.

In all  the linear mixed model analysis,  participants’  learning scores served as the dependent

variable, and Item Level was entered as the fixed factor. This model (henceforth, base model) served

as a baseline to test the effects of attention to and thoughts on human action.  Overall,  learning

scores were moderate, with an average of 51% correct responses (SD = 0.21), and a main effect of

Item Level (F(3, 48.48) = 15.83,  p < .001). Pairwise comparisons revealed that L2 scores (i.e., text

inferences; M = 0.68, SD = 0.28) were significantly higher than all other ones (p ≤ .001 in all cases),

namely, than L1 (i.e., recall;  M = 0.48, SD = 0.25), L3 (i.e., understanding key ideas;  M = 0.38, SD =

0.28) and L4 (i.e., applying key ideas in novel situation; M = 0.36, SD = 0.39). This result replicates the

findings of Authors (2022b). In addition, L1 scores were significantly higher than both L3 (p = .015)

and L4 (p = .052) scores, without significant difference between the latter (p = .75).

5.4.1. The Effect of Attention to Human Action on Learning

Given  the  exploratory  nature  of  the  current  question,  several  models  were  run  with  the  two

collected  measures  of  attention  to  human  action  (viz.,  second-pass  dwell  time  and  number  of

regressions  in  mental  AoIs  and  sensorimotor  AoIs)  entered  as  covariates  in  the  base  model,

separately for mental AoIs and sensorimotor AoIs. The results were the same for both types of AoI.

Both measures of attention had a significant impact on learning (second pass dwell time in mental

AoIs: estimate = 0.01, SE = 0.0, t(40.53) = 2.78, p = .008, 95% CI [0.0; 0.01]; second pass dwell time in

sensorimotor AoIs: estimate = 0.0, SE = 0.0, t(40.68) = 2.62, p = .012, 95% CI [0.00; 0.01]; number of

regressions in mental AoIs: estimate = 0.31, SE = 0.09, t(40.12) = 3.33, p = .002, 95% CI [0.12; 0.49];

number of regressions in sensorimotor AoIs: estimate = 0.35, SE = 0.14, t(40.54) = 2.53, p = .016, 95%

CI [0.07; 0.63]).

As the pattern of results was mostly the same for both gaze measures, but with more interesting

results in some analyses for number of regressions (e.g., in the exploratory correlation analysis; see
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infra), we decided to present here only the results of the analyses ran on number of regressions. The

results for second pass dwell time can be found in Annex B.

Additional exploratory correlation analysis revealed that the number of regressions to mental

AoIs was significantly correlated with most levels of comprehension (i.e., scores at each Item Level).

The correlations with recall (L1;  r(42) = .359,  p = .017), text-based inferences (L2;  r(42) = .414,  p

= .005), and understanding key ideas (L3; r(42) = .404, p = .006) were moderate and positive, but no

significant correlation was found with application of key ideas in novel situations (L4; r(42) = .004, p =

.978). The number of regressions to sensorimotor AoIs only had a significant moderate correlation

with recall (L1; r(42) = .39, p = .009; see Table B3, p. 223 for the results with second pass dwell time).

In  summary,  returning  to  areas  depicting  mental  and  sensorimotor  actions  during  reading,

particularly to the former, significantly impacted learning scores. Participants who returned more to

these text parts scored higher in most of the assessed comprehension levels, although this relation is

moderate.

5.4.2. Thoughts on Human Action

Transportation,  Perspective-Taking,  Cognitive  ToM  and  Affective  ToM.  Regarding  participants’

ratings of engagement in ToM-related processes during the NT reading, perspective-taking was the

most  often cited  (80% of  the  participants),  whereas  affective  ToM  was  the  least  one  (55%).  In

addition, 77% of the participants reported feeling transported into the events of the narrative text,

and 66% reported thinking about Pasteur’s thoughts. Half of the participants reported engaging in up

to three of the ToM processes,  39% reported engaged in all  of them, and only 7% reported not

engaging  in  any of  them.  Transportation  and  perspective-taking  gathered  the  higher  average

engagement rating and engagement degree scores (see average values in Table 5.3.).

Table 5.3. Scores of Engagement Rating and Engagement Degree in the four ToM-Related Processes

ToM-Related Process Engagement Rating (from 1 to 5) Engagement Degree (from 0 to 4)

Transportation 3.45 (1.32) 2.07 (1.39)

Perspective-Taking 3.61 (1.17) 1.91 (1.24)

Cognitive ToM 3.32 (1.20) 1.41 (1.30)

Affective ToM 2.75 (1.35) 1.59 (1.60)
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As can be seen in Table 5.3, the average degree of engagement with ToM-related processes was

mostly deemed low (i.e., there is some level of engagement, but it is rather tentative or ambiguous;

see meaning of score levels in Table B1, p. 221). Examples of responses are presented for one of the

ToM-related processes in Table B4 (p. 224). However, despite the low average values of degree of

engagement, there were rich and interesting written responses, a fact that should not go unnoticed.

For  instance,  some  participants  described  vivid  details  of  the  laboratory  where  Louis  Pasteur

conducted his experiments, as external observers, as a scientist, or even as Pasteur. Others tried to

picture what Pasteur was seeing, particularly the crystals, whereas others imagined what he must

have gone through psychologically. To a lesser extent, participants inferred his thoughts and feelings,

which were particularly related to the fact that Pasteur made an important scientific discovery and

went against contemporary chemists and pre-established ideas (see examples in Table B5, p. 225).

These  results  suggest  that  the  science  NT  triggered  engagement  in  ToM-related  processes.

Average scores were low, but some responses denote a deeper engagement.

Humanising Meaning. When reporting the main ideas they took from the NT, most participants stuck

to the text’s contents, with 45% limiting their references to science contents (i.e., science content

level;  see  Table  B2,  p.  222)  and  34%  mentioning  Louis  Pasteur  (i.e.,  human  level).  In  average,

responses  were  at  the  human  level  (M =  1.68;  SD  =  0.8).  An  additional  18%  made  extra-text

connections to more global human and social aspects (i.e., social level). In contrast, only half of the

participants reported some curiosity stemming from the reading of the NT (on average, 0.81; SD = 1;

science content level). This curiosity mainly concerned the science contents (27%), but in some cases

it was also related to Louis Pasteur (14%) or more global social aspects (19%; see examples in Table

B6, p. 226). 

It  thus  seems that  reading the NT may have humanised scientific meaning to  some extent,

especially when it comes to the main ideas taken from the text.

Attribution  of  Intentions.  Accuracy  did  not  differ  between  AI  trials,  which  demanded  inferring

intentions (on average, 0.78,  SD  = 0.13),  and the two other types of trials,  which only relied on

physical  laws  (on  average,  physical  causality:  0.79,  SD  =  0.13;  physical  causality  with  a  human

character: 0.76, SD = 0.13; F(2, 70.97) = 2.51, p = .098). Yet, participants did take longer to answer

correctly to AI trials (on average, 1663 ms,  SD  = 466 ms) than to the other two types of trials (on

average,  physical  causality:  1489.83,  SD  =  381.52;  physical  causality  with  a  human  character:

1472.54, SD = 424.66; F(2,7 0.97) = 2.51, p = .098; F(2, 86) = 19.71, p < .001, respectively). 
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In short, significant differences in performance were observed in the RTs on correct trials, but

not in accuracy. As such, RTs on correct trials AI (henceforth, RTs on correct AI) will be used as a

measure of attribution of intentions in the following analyses.

Connecting Thoughts about Human Action: Principal Component Analysis. Because we used several

measures related to thoughts on human action, before examining their impact on science learning a

Principal Component Analysis (PCA) was performed, to reduce the number of variables. All measures

were standardized and submitted to a PCA with Oblique rotation (oblimin with the default settings;

Field, 2013), as we assumed the variables to be related. The adequacy of the sample was confirmed

by the Kaiser-Meyer-Olkin, Bartlett, and determinant tests, which confirmed that enough items are

predicted by each factor, that the variables are sufficiently correlated, and that multicollinearity is

not an issue, respectively. After an initial PCA, we removed cognitive ToM rating because it loaded on

different components which were not apart by 0.2, and AI accuracy because it ended up alone in a

component.

The final PCA produced three components with eigenvalues greater than 1 and explained 70.8%

of variance in performance. As can be seen in Table 5.4, the first component (Simulating Other Points

of View) was made up by four measures of self-reported ToM-related processes and one measure of

attribution of  intentions.  The second component (Humanising Science) was made up by the two

measures  of  humanisation  of  meaning.  Finally,  the  third  component  (Inferring  Thoughts  and

Feelings) was made up by three measures of self-reported ToM-related processes (cf., Tables B7-9, p.

227-29).  All components had acceptable to good internal consistency (Simulating Other Points of

View: α = 0.82; Humanising Science: α = 0.7; Inferring Thoughts and Feelings: α = 0.8).

Table  5.4.  The  Variables  of  the  Three  PCA  Components,  with  Respective  Eigenvalues  and  %  of

Explained Variance

Component Variables Eigenvalues % of Variance

Explained

Simulating Other 

Points of View

Rating  of  transportation  rating,  degree  of

transportation,  rating  of  perspective-taking,

degree of perspective-taking elaboration, RTs in

correct AI

3.858 38.578

Humanising Science Humanising main ideas, humanising curiosity 1.987 19.866

Inferring Thoughts Rating  of  affective  ToM,  degree  of  affective 1.236 12.356
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and Feelings ToM, degree of cognitive ToM

The Effect of Thoughts on Human Action on Learning.  We ran separate linear mixed models, with

each resulting  component  as  a  covariate.  Whereas  Simulating Other  Points  of  View significantly

impacted learning scores  (estimate = .07,  SE = 0.03,  t(40.37) = 2.33,  p = .025, 95% CI [.01; .13]),

Humanising Science had only a marginal impact (estimate = .06, SE = 0.03, t(40.95) = 1.91, p = .064,

95% CI [-.00; .12]). Inferring Thoughts and Feelings failed to significantly impact learning ( estimate =

-.03,  SE = 0.03,  t(40.40)  = -1.04,  p = .305,  95% CI  [-.1;  .03]),  and was therefore not  included in

subsequent  models.  The  effect  of  Item  Level  remained  significant  in  each  of  the  three  models

(respectively: F(3, 48.51) = 15.40, p < .001; F(3, 47.85) = 15.98, p < .001; F(3, 48.87) = 16.61, p < .001).

Additional  exploratory  correlation analyses  were run between each component  and level  of

comprehension.  Simulating Other  Points  of  View and Humanising  Science each  had  a  moderate

positive correlation with one level  of comprehension, namely with recall  (i.e.,  L1;  r(42) = .443,  p

=  .003),  and  understanding  of  key  ideas  (i.e.,  L3;  r(42)  =  .331,  p =  .028),  respectively.  Inferring

Thoughts and Feelings, in contrast, had a moderate negative correlation with text-based inferences

(i.e., L2; r(42) = .32, p = .034).

In sum, as suggested by various measures, participants engaged in thinking about human action.

The  different  measures  formed  specific  components,  which  differently  impacted  learning.  The

combination of transportation, perspective-taking and RTs on correct AI had the strongest impact,

which was particularly associated with recall. Although the other components had a smaller overall

impact, they too had significant associations to specific levels of comprehension.

5.4.3. The Combined Effects of Attention to and Thoughts about Human Action

We entered as covariates in the base model the number of regressions to mental AoIs and the two

components  of  thinking  about  human action (entered  in  the  separate  models)  that  significantly

impacted learning (cf. Table B10, p. 220, for results with other gaze measures).

The number of regressions to mental AoIs had a  significant effect on learning when put in the

same model as Simulating Other Points of View (estimate = .32, SE = 0.09, t(39.18) = 3.77, p = .001,

95% CI [.15; .5])). Simulating Other Points of View also had a significant impact on learning (estimate

= .08, SE = 0.03, t(39.18) = 2.93, p = .006, 95% CI [.02; .13])), as did the Item Level (F(3, 50.38) = 15.76,

p < .001).
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When put in the same model as Humanising Science, the number of regressions to mental AoIs

significantly impacted learning (estimate = .28, SE = 0.09, t(39.65) = 3.01, p = .005, 95% CI [.09; .47]),

as did the Item Level (F(3, 48.5) = 16.54, p < .001); yet the component Humanising Science lost its

previous (marginal) significance (estimate = .04, SE = 0.03, t(39.65) = 1.43, p = .16, 95% CI [-.02; .1]).

We ran additional analyses to determine whether we could tap into the specificity of attributing

intentions by examining its relation with attention to human action in the text (as compared to the

processing of causality with human characters). No significant results were found (see the section

B11  “Additional  Correlation  Analysis  Between Attribution  of  Intentions  and  Attention to  Human

Action”, p. 231).

In summary, these results show that attention to and thoughts on human action concurrently

impact learning.

5.4.4. Contact with Science, Literacy and Motivational Attitudes

The average rating of the interest elicited by the text, measured on a 1-to-5 scale, was moderate

(3.34,  SD  = 1.12), with up to 75% of participants rating their interest as 4.  Moreover, on average,

participants did not correctly identify many literary authors or scientists.  In the ART, participants

correctly identified an average of 36% of the literary authors (SD = 0.14), and incorrectly judged 5%

of the foils as being authors (SD = 0.06). In the SRT, the average of correct identification of scientists’

names was 23% (SD = 0.13), whereas 6% of foils were incorrectly identified as being scientists (SD =

0.08). Hence, the d’ average values were low: -76 (SD = 0.82) and -1.65 (SD = 0.95) for the ART and

SRT, respectively.

These three ancillary measures were separately entered as covariates in the base linear mixed

model, taking either as covariates the number of regressions to mental AoIs and  Simulating Other

Points of View, or as unique covariate Humanising Science (as it lost its explanatory power when put

together with the number of regressions). With the exception of interest in the text, all variables

yielded marginal to significant effects on learning on the various models (all  ps  < .054; see more

details in Tables B12, p. 232, and B13, p. 232, and following discussion in section B15, p. 225).

In  conclusion,  literacy  related factors  concurrently  contribute  to  science learning  along with

attention to and thoughts on human action.

5.5. Discussion
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The present study investigated whether attention to and thoughts on human action impact learning

science from a science NT. To the best of our knowledge, this was the first study to investigate this

topic using a combination of self-report, behavioural and gaze measures. We found evidence that

dedicating attention to specific kinds of depiction of human action during reading and that some

processes related to thinking about human action had concurrent effects on science learning. These

exploratory findings provide novel and specific insights on the kind of processes that are engaged

when learning science from NT, a topic yet understudied.

5.5.1. Attention to Human Action Modulates Science Learning

In line with the idea that all knowledge is human knowledge (Egan, 1997), our results show that

returning to text areas depicting human action significantly predicted learning from the science NT.

This result is in line with previous eye-gaze studies on science learning, which had already established

that returning to  AoIs and longer reading times are related to improved comprehension outcomes

(e.g.,  Ariasi  &  Mason,  2011;  Catrysse  et  al.,  2018;  Hyöna  et  al.,  2002).  Although re-reading can

indicate processing difficulties, it can also reflect attempts at further integration and deeper cognitive

processing (e.g., Hyönä et al., 2003; Mason et al., 2013;  Penttinen et al., 2013;  Rayner 2009). Yet,

whereas  in  previous  eye-gaze  studies  on  science  learning  AoIs  were  usually  defined  by  science

concepts  (e.g.,  Ariasi  & Mason,  2011;  Catrysse  et  al.,  2018),  in  the present  study  they  depicted

human actions associated to science concepts.

Our findings also show that both sensorimotor and mental depictions of human action were

relevant  for  science  learning.  Both  can  presumably  be  useful  for  integrating  and  understanding

science concepts through the scientists’ actions, be it by reasoning and appraisals (mental AoIs) or by

making important movements with the body (sensorimotor AoIs). Though the pattern of results of

gaze  behaviour  was  for  the  most  part  similar  for  these  two  kinds  of  depictions,  exploratory

correlations revealed some differences. Whereas returning to sensorimotor operations only related

to recall performance, returning to information on mental operations was related to performance on

text inferences and understanding of key ideas in addition to recall. This suggests that the impact of

processing mental actions might be more pervasive than that of processing sensorimotor actions.

It may be that mental depictions were more informative or effective in rendering concepts more

understandable.  Alternatively,  they may have been more difficult  to  integrate.  In  fact,  Mak and

Willems (2019) found that areas depicting mental states were gazed for longer than areas depicting

motor actions. This can be especially the case in science texts, where mental state information may
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feel more alien than information on practical procedures. This is further suggested by the fact that

there were significantly more regressions to mental areas than to sensorimotor areas (see Table B14,

p.  234).  At  any rate,  increased re-reading of  mental  AoIs  benefited learning,  and the pattern of

results was for the most part similar for both kinds of AoIs, so any processing difficulties posed by

mental areas were likely solved. It may also be that these narrative elements provoked more vivid

imagery (e.g., Murmann & Avraamidou, 2014; Prins et al., 2017; Vrasidas et al., 2015), which has

been  shown  to  promote  comprehension  and  retention  of  information  of  –  non-science  –  NT

(Horowitz-Kraus et al., 2013; Sadoski et al., 1990).

5.5.2. Thoughts on Human Action: Interconnections and Impact on Science Learning

Our  findings  suggest  that  the  NT  encouraged  participants  to  think  about  human  action.  Many

participants reported feeling transported into the events of the NT and attempting to view things

from the perspective of Louis Pasteur. Although transportation reports were mostly descriptions of

what their surroundings would look like (e.g., spatial locations, objects) and attempts at perspective-

taking included adopting a more internal perspective of the scientist, these two reports also shared

important features. Some participants described feeling transported by imagining being Pasteur or a

scientist, and some described trying to adopt a more visuospatial perspective of what Pasteur was

seeing,  which  is  a  more  low-level  kind  of  perspective-taking  (Flavell  et  al.,  1986).  Given  these

features,  and the fact  transportation and perspective-taking  were grouped with  the measure of

attribution of intentions, it is possible that, together, these measures reflect a set of general abilities

related to simulating, either by imagining or inferring, other visuospatial and psychological points of

view. The fact that transportation was grouped with these two inferential measures is congruent

with the view that the ability to transport oneself into another reality may act as a catalyst for more

complex  inferential  processes  (e.g.,  Dodell-Feder  et  al.,  2013).  Crucially,  this  combination  of

measures was the best predictor of learning scores among measures related to thoughts on human

action. It is thus likely that general imaginative and inferential processes related to human action

have a part  to play when learning  science from NT.  These processes are important  for  building

coherence and understanding non-science NT (e.g., Graesser et al., 1994; Mason & Just, 2009), so it

makes sense they would also be used to understand science NT. 

Interestingly, from all the assessed levels of comprehension, it was with recall that simulation of

other points of view was significantly correlated. One possible explanation is that increased mental

imagery mediates this relationship. As mentioned previously, the  creation of vivid and rich images
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has been connected to the processing of NT and proposed to improve the retention of information

(e.g.,  Gagné, 1978; Horowitz-Kraus et al., 2013;  Sadoski et al., 1990).  Mental imagery is one of the

components of  transportation (e.g.,  Green,  2002),  and it  has also been linked to some forms of

perspective-taking (e.g., empathic, Blouin-Hudon & Pychyl, 2017; visual, Ward et al., 2019), although

not  very  robustly  (e.g.,  Cole  et  al.,  2022).  Alternatively,  people  engaging  in  these  processes  of

simulation  during  text  reading  may  elaborate  further  on  the  information,  which  can  improve

retention (e.g., Craik & Tulving, 1975; Klein & Loftus, 1988).

On the other hand, participants were less prolific in inferring specific thoughts and feelings from

Louis Pasteur (i.e.,  cognitive ToM and affective ToM, respectively).  This  is  relatively unsurprising,

given that the reading of the NT was part of a science learning experience, where mentions to mental

states tend to be scarce, non-existing, or even discouraged (e.g., Bruner, 1986; Gilbert et al., 2005).

Drawing such inferences may thus feel unfamiliar or even misplaced. It is also likely related to the

broadness of the question: Asking if participants “tried to see things from Louis’ perspective” may

invite more diverse responses than inferring specific thoughts or feelings. Indeed, responses to the

perspective-taking item were varied and included thoughts and feelings. Although inferring thoughts

and feelings did not have a general significant effect on learning, it did have a moderate correlation

with  the  text  inferencing  level  of  comprehension.  Intriguingly,  this  correlation  was  negative,

suggesting a possible interference between inferring the thoughts and feelings of the scientist and

drawing text inferences to understand science contents.

Notably, participants’ written responses on self-reported engagement in cognitive ToM and in

affective ToM were mostly related to the fact that Pasteur made an important scientific discovery

going against contemporary chemists and pre-established ideas. Previous studies with science NT

have  reported  that  participants  felt  connected  to  the  scientist  when  the  NT  talked  about  the

scientists’ struggles (e.g., Lin-Siegler et al., 2016) or their defiance of conventions (Hadzigeorgiou et

al., 2012). Importantly, this finding suggests that these human and social elements became salient in

learners’ minds.

The salience of such aspects is further suggested by the results obtained in the two open-ended

questions on the ideas prompted by the text. In their responses, participants connected human, and

ever wider  social  elements,  to  science contents,  despite  not  having been explicitly  prompted to

establish  these  connections.  Together,  these  findings  strengthen  the  idea  that  NT  promote  the

framing  of  science  as  a  human  activity,  humanising  scientific  meaning  (e.g.,  Egan,  1997;

Hadzigeorgiou et al., 2012). Many authors have championed the idea that exposing such connections

may enhance learning (e.g., Arya & Maul, 2021; Clough, 2011). In the present study, the humanising
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science component only had a marginal effect on general learning scores. However, the fact that this

component moderately correlated with the understanding of key ideas can hint at its involvement in

science knowledge construction, even though it is not possible to draw such a conclusion with the

present data.

Finally,  additional  analyses  including  ancillary  measures  suggest  that  the  effects  of  both

simulating  other  points  of  view  and  humanising  science  were  to  some  extent  dependent  on

participants’ interest on the text, as these effects overlapped/cancelled each other.

5.5.3. Room for Both: Attention to and Thoughts about Human Science

Crucially, we found evidence that, when considered together,  both attention to and thoughts on

human action (namely simulating other points of  view) made significant contributions to science

learning. The fact that they made distinct contributions confirms that in the present study attention

to and thoughts on human action were, to at least some extent, different processes. Moreover, it

shows that several processes had an impact on the knowledge that was built from the science NT,

namely: Dedicating attention to depictions of human action while reading the text, engaging in ToM-

related processes pertaining to these actions, and general ToM abilities. Moreover, the effects of

attention to and thoughts on human action remained significant when other factors were jointly

considered, namely general (science and literature) literacy and text-related motivational aspects,

providing further evidence of the robustness of these effects.

5.5.4. Limitations and Future Research

Despite our best efforts, it is unclear whether response desirability was reliably attenuated on the

self-reported  ToM-related  measures.  Therefore,  we  cannot  be  sure  that  participants  actually

engaged in these processes while reading the text (as instructed), or if reading the items during the

task prompted them to do so. Although conclusions should be taken with caution, these self-reports

provided a window into participants’ thoughts on human-related aspects of a science NT, showing

that detailed and rich responses can be obtained via self-report.

Additionally, it should be noted that the PCA analysis was run under acceptable, but not ideal,

conditions (e.g., few variables overall),  rendering results preliminary and exploratory. Despite this

limitation, it provided interesting hints for future research. For example, the exploratory correlations

suggest  that  processes  reflected  by  the  three  components  (Simulating  Other  Points  of  View,
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Humanising  Science,  and  Inferring  Thoughts  and  Feelings)  may  establish  specific  relations  with

distinct levels of comprehension, that would be interesting to examine more directly. One way of

doing so would be by varying the reading instructions given to participants and examine the impact

on different levels of comprehension. Participants could be explicitly asked to imagine themselves in

the place of  the events or to actively attempt to take the perspective of  the scientists (both to

examine the simulation of other points of view), or to try to infer the scientists’ thoughts or feelings

during reading (to trigger inferences of thoughts and feelings), or to think about human and social

elements (to humanise scientific meaning).  Possible negative or hindering effects of ToM related

processes to learning science could be explored as well.

In  addition,  developing  and  assessing  learning  items according  to  a  cognitive model  of  text

comprehension, as we have done presently and in a prior study (the C-I model, Soares et al., 2022b),

allows to distinguish between different levels of comprehension and cognitive operations. Future

studies may benefit from adopting a similar approach to learning evaluation.

It would also be very important to better investigate different depictions of human action, that

is, to examine what kind of processes they trigger, and how these connect to the engagement in

ToM-related processes and other human-related thoughts. As we determined that the two sets of

processes (attention and thoughts on human action) jointly contributed to learning, it seems unlikely

that  depictions  of  human  action  are  merely  triggering  processes  connected  to  mental  state

inferences.  It  also  seems  that  attention  to  depictions  of  human  action  is  not  merely  reflecting

participants’ interest in the text, as indicated by supplementary analysis  with ancillary measures.

Uncovering more about the workings of these depictions of human action can, in turn, facilitate the

task  of  determining  their  role  on  science  knowledge  construction,  and  on  distinct  levels  of

comprehension.  Yet,  a limitation of the present study should be acknowledged, namely that the

depictions of mental and sensorimotor actions were identified by the authors of the paper, and not

through pretesting (e.g., Mak & Willems, 2019) or by using already validated materials (albeit the

latter was not an option for European Portuguese).

Finally, it should be kept in mind that the fact that the NT was used with the goal of learning

from the activity, instead of entertaining (as is social and culturally expected), sets the present study

apart  from  most  other  science  learning  or  NT  processing  studies.  In  addition,  some  contextual

features may have influenced participants’ learning and engagement. Namely, the fact that the study

was not inserted in a continuous and mandatory learning context (e.g.,  a course), nor in a more

spontaneous  and  intrinsically  motivated  one  (a  museum),  and  the  eye  tracking  data  collection

procedure (which may have felt weird or uncomfortable).
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5.5.5. Applications in Education

Even though the present study is quite exploratory, its findings bring promising insights to applied

educational contexts, especially for educators interested in approaching science learning through a

more  integrative  lens.  Namely,  our  results  should  encourage  science  educators  to  integrate

depictions of human action when building texts, or to select text materials that do so, as dedicating

attention to such depictions did not hamper learning, much on the contrary. From an educational

perspective, this is very important, because there are concerns that narrative elements may act as

seductive  details,  providing  interesting  yet  irrelevant  information that  can compromise  concept-

related comprehension (e.g., Garner et al., 1989; Hidi et al., 1982). Our findings show that coherent

and well-intertwined  narrative information does not have this negative effect  (Arya & Maul, 2012;

Glaser et al., 2009; Lehman et al., 2007), and can be used to introduce variability in textual science

educational materials (e.g., May et al., 2020). Importantly, despite the fact that NT are usually used

and investigated in populations of younger learners, our set of findings also shows that it is possible

to use these materials in young adult learning. In line with previous studies with teenagers, focusing

on scientist’s struggles (e.g., Lin-Siegler et al., 2016) and their defiance of conventions (Hadzigeorgiou

et al., 2012), our results suggest that the use of science NT can be a good way of capturing young

adult’s  attention  and  trigger  thoughts  on  these  human actions.  Moreover,  framing  science  as  a

human activity can help bring learners closer to relevant social and cultural contexts (Arya & Maul,

2021; Aukerman & Schuldt, 2021) and fight misconceptions about scientists and science workings,

which are quite ample and can damage learning (e.g., Clough, 2011; Hong & Lin-Siegler, 2012).

Additionally,  the  less  palpable  results  in  cognitive  and  affective  ToM  measures  should  not

discourage educators to promote these processes. We believe that they can be part of the science

learning experience; it is just that they can be more difficult to achieve and/or may seem weird or

even  intimidating  at  first,  given  how  separated  from  this  kind  of  elements  science  education

materials and modes of thinking have usually been. Another good reason for promoting these ToM

abilities is their connection to empathetic and prosocial behaviours (e.g., Imuta et al., 2016; Mar &

Oatley, 2008; transportation has also been connected to it, e.g., Johnson et al., 2012). While such

connections remain to be further ascertained with science NT, using science texts depicting human

emotions  and  struggles  will  likely  engage  these  abilities  to  some  extent,  especially  if  overtly

addressed and discussed. Indeed, although our study shows that the reading of the science NT can

encourage  unprompted  connections  to  human  and  social  elements,  it  also  shows  that  when
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prompted by more direct questions, participants can provide elaborate responses on specific human-

related processes. Thus, scaffolding learners, be it  through guided discussions, visual prompts, or

inquiry  methods,  to  name a  few,  may help  further  integrating these elements  with  the  science

contents.

The multidimensionality of the science learning process is not limited to a place for depictions of

human action. Learners’ literacy, be it  related to science or to literature, also has a role to play.

Whereas the first may come as expected, the second has received less attention, and both relate to

claims for a greater integration between science education and language and literacy processes (e.g.,

Morais & Kolinsky, 2016; May et al., 2020). These aspects should thus be  integrated and fostered

during science learning. Furthermore, motivational aspects such as interest in the text may be tightly

connected  to  engagement  in  thoughts  on  human action during  science  learning,  and  may  even

determine the extent to which learners engage in such processes.

5.6. Conclusion

Learning science has a human facet,  and the results of the present study help to determine the

importance of  highlighting it.  Our results  showed that readers  that  dedicated more attention to

depictions  of  mental  and  sensorimotor  action  in  a  science  NT  obtained  higher  science  learning

scores. Results also suggest a role for thinking about human action when learning science from a

science NT, with different processes yielding impact on learning. The various depictions of human

action and  thoughts  on  human action may  also  be  related  to  distinct  levels  of  comprehension.

Importantly, the impact of attention to and thoughts on human action on learning proved to be a

concurrent advantage, and so both sets of processes should be jointly  considered. Together, the

findings  suggest  that  learning  science  is  more  than  understanding  complex  concepts  about  the

workings of the physical world: It is human, all too human.
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CHAPTER 6

Science learning… What comes to mind?: People’s

perceptions and the role of narrative texts and museums

This chapter was based on the following manuscript: Soares, S., Elvas, M. C., Batel, S., Barata, R.,

Jerónimo, R. (2022).  Science learning… What comes to mind?: People’s perceptions and the role of

narrative  texts  and  museums [Manuscript  submitted  for  publication  to  Public  Understanding  of

Science], CIS-Iscte, Iscte–Instituto Universitário de Lisboa

6.1. Abstract

Learning natural and formal sciences poses various challenges relating to different components

of  the  learning  process,  as  conceived  by  pedagogical  frameworks  such  as  the  Reading  for

Understanding (RAND) framework. As scientific knowledge fills an important social role, and most

people  acquire  this  knowledge  non-formally,  creating  lifelong  learning  opportunities  and

understanding people’s perceptions on science learning become crucial. In this study, w e set out to

investigate general perceptions on how science learning and literacy develop. We were particularly

interested in the roles of narrative texts and museums. Three groups of people with different levels

of  contact  with  science  participated  in  an  online  non-formal  learning  experience  that  included

science texts  and a learning  activity  facilitated by  a museum science educator.  The activity  was

followed by focus group discussions on the topic of science learning and literacy. Three themes were

identified:  smoothing the way,  which depicted key  facilitators  in  initial  learning  phases;  weaving

webs, which centred around the importance of establishing connections between learners, science

knowledge, and science institutions; and deep dives, which concerned the development of deeper

science  knowledge.  The  themes  and  corresponding  subthemes  captured  different  elements  and

stages of the process of science learning, establishing different connections to our tools of interest.

Findings can inform the development of science educational materials and activities that can help

create bridges between science (e.g., institutions, schools, academia) and people.
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6.2. Introduction

As attested by widespread reports on student engagement and performance (e.g., National Center

for  Education  Statistics,  2022;  Organisation  for  Economic  Cooperation  and  Development,  2019),

learning  natural and formal  sciences (henceforth, science) is prone to difficulties. These difficulties

start in school and continue throughout adult life (e.g., Field and Powell, 2001), and, although most

people do not become proficient in the language and methods of science (e.g., Bruner, 1990), they

still  benefit  from acquiring  a  derived or  functional  literacy to  address  personal  needs or  inform

participation and decisions in discussions taking place in the wider sociocultural milieu (e.g., Norris

and Phillips, 2003; Sadler, 2009). In fact, as knowledge production increases, so does the need of

assessing  scientific  evidence  in  daily  life  (Albuquerque  and El-Hani,  2021),  making  crucial  to

understand  the  public  understanding  and  perceptions  of  science  and  devise  means  for  lifelong

science learning (e.g., Falk et al.,  2007;  Field and Powell,  2001).  In the present paper we will  be

particularly interested in exploring perceptions on the role of specific types of texts and museums.

The  role of non-formal educational settings in lifelong learning has been increasingly focused

(e.g.,  Callanan  et  al.,  2011;  Falk  and Dierking,  2010;  Murmann  and Avraamidou,  2014a),  and

museums are prime examples of learning settings that aim at reaching various and diverse people

(e.g., Barata et al., 2017; Feinstein and Meshoulam, 2014). The fact that non-formal science learning

takes place within a wider community than its formal counterpart, combined with the eminently

social purpose of developing non-specialized scientific literacy, underline the importance of seeing

science learning as a social and cultural process, besides an individual one (e.g., Callanan et al., 2011;

Rennie et al., 2003).

Moreover, many people learn science through texts materials: They have been a cornerstone of

formal science education (Kloser, 2013; Van den Broek, 2010), but also have an important role in

more widespread science communication, which may include popular science books, posts in social

media, and museum plates (Negretti, 2022; Ravelli, 2007). This role is further substantiated by claims

for a greater integration of language and literacy processes in science education (e.g., Klein, 2006;

Morais and Kolinsky, 2016; Snow, 2010; Soares et al., 2022a). Texts thus offer an important widow to

understand science learning difficulties and develop solutions.
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However, science texts can pose difficulties to science learning. The language of science texts is

often seen as dense and technical (e.g., Snow, 2010), and readers find many of its ideas unfamiliar or

even counter-intuitive (e.g., Gilbert et al., 2005). Learning materials and activities tend to be framed

in authoritative and dogmatic discourses (e.g., Kloser, 2013), and are usually decontextualized from

human,  social,  and  cultural  aspects  (e.g.,  Sánchez  Tapia  et  al.,  2018).  These  problems apply  to

museums as well, not only because they also use texts, but because similar criticism has been more

generally  directed  to  them  (e.g.,  Archer  et  al.,  2016;  Dawson,  2014;  Kelsey  and  Dillon,  2016).

Importantly,  these  learning  challenges  further  reflect  the  multidimensionality  of  the  process  of

learning science through reading (e.g., Soares et al., 2022a), captured in pedagogical frameworks

such as the Reading for Understanding (RAND) framework (Snow, 2002). RAND endorses the view of

text comprehension as a specific combination between features from the text, the reader, and the

activity, elements which interact both within and with a wider sociocultural context (see Figure 6.1).

This framework provides a very useful backbone of the conditions that should be considered when

planning science learning interventions through texts, or analysing its outcomes.

Figure 6.1. The RAND framework (taken from Snow, 2002)

The outlined challenges can also be traced to a gap between the scientific and the everyday

thinking modes (Bruner, 1986; Klein, 2006). The scientific thinking mode is based on general and

formal causes, proofs, and theories, and is usually conveyed using expository texts. These texts tend

to be abstract and challenging, as contents are structured according to concepts and their relations

(e.g., Graesser et al., 1991). By contrast, more familiar and pervasive in everyday life is the mode of

thought  based on human intentions  and actions.  This  mode is  better captured by  the temporal
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structure  of  narration (e.g.,  Graesser  et  al.,  1991),  which is  integral  to  every  culture  and has  a

privileged status in cognition (e.g., Bruner, 1986; Gottschall, 2013).

Fittingly,  narrative-based tools are proposed to tackle this set of science learning challenges.

Authors underline narrative’s accessible language (e.g., Avraamidou and Osborne, 2009), ability to

arouse  interest  (e.g.,  Arya  and  Maul,  2021)  and  enhanced  contextualization  (e.g.,  Kubli,  2005)

between  science contents and learners’  personal experiences  and  daily  situations (Murmann  and

Avraamidou, 2014b; Mutonyi, 2016), and between science contents and narrative contents such as

human, social and cultural elements of scientific practices (e.g., Arya and Maul, 2021; Hong and Lin-

Siegler, 2012). These pedagogical and engagement features have attracted the attention of science

museums, that have successfully applied in exhibitions narrative-based methodologies not limited to

texts (e.g., Frykman, 2009; Kerby et al., 2018; Murmann and Avraamidou, 2014b).

Importantly, a gap is also perceived in the social relationship between the general public and

science: there is a gulf between the diversity of the general public and the public who visits museums

(e.g., Feinstein and Meshoulam, 2014); surveys consistently reveal lack of understanding and also of

trust in science within some parts of the population (e.g., Achterberg et al., 2017; Bensaude-Vincent,

2001); many public discussions perpetuate misconceptions and anti-scientific attitudes (e.g., climate

change; A. Costa, 2021).

In short, given that learning science is a social and cultural activity, and that its importance goes

beyond specialization ambitions, it becomes crucial to reach out to people to better understand their

perceptions of the lifelong process of science learning and literacy. People seem to have an affinity

for narrative texts, and non-formal settings use texts and have an affinity for innovative tools, so

these are two tools relevant to explore. In turn, these insights may be used to adapt how science is

communicated and taught, in ways that resonate with different people.

6.2.1. Aims

We set out to investigate general perceptions on how science learning and literacy occur, and more

specifically on how people related to texts (narrative and expository) and museums. Our main goal

was to understand how these tools were perceived in their own right, but we were also interested in

finding out if people’s perceptions were suggestive of combinations between them.

Our first aim was to connect participants to these tools. Namely, they were shown a video filmed

at a science museum, took part in a non-formal learning activity facilitated by a science educator

from  that  museum,  and  read  (narrative  and  expository)  science  texts.  We  expected  that  these
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instances of our tools of interest helped activate perceptions on those tools, but also of the topic of

science learning and literacy more generally. Our second aim was to tap into these perceptions in

focus group discussions.

6.3. Methods

We ran a total  of  three focus  group discussions,  each with 6-7 participants (e.g.,  Gaskell,  2000;

Krueger and Casey, 2009), which were preceded by a learning activity developed by the authors. The

study  was  to  take  place  in  the  science  museum  where  two  of  authors  work  in  the  education

department, but had to be adapted and run online due to the onset of Covid 19 and ensuing security

measures. Despite this change, the learning activity was still facilitated by a science educator from

the museum (second author). The sessions took place in Zoom in December 2020, and lasted around

2h (the full session protocol can be seen in Table C1, p. 237). The study was approved by the ethics

committee of the institution from which three of the authors were from (agreement 48/20).

Table 6.1. Sociodemographic information about the participants of each focus group

Focus

group

N Gender Age

range

Field of study (level

of contact with

science)

Field of work (level

of contact with

science)

Experience in

science

education

Number of read

science books

1 7 4 men 29–39 Total (2 people)

Some (3 people)

Total (1 person)

Some (4 people)

1 person (non-

formal)

Most 1 per

month at most

2 6 3 men 22–55 Total (3 people)

Some (1 person)

Total (3 people)

Some (1 person)

2 people (both

non-formal and

one formal as

well)

Most 1 per

month

3 6 4 women 19–48 Total (2 people)

Some (1 person)

Total (2 people)

Some (2 people)

1 person (non-

formal)

All less than 1 per

month

Note. Areas such as Physics or Informatics were considered as providing “total” contact with  natural or formal sciences.

Areas such as Psychology or Architecture were considered has providing “some” contact.

Participants were recruited through social  media to participate  in a study about non-formal

science learning, and received two 10€ vouchers for their participation. Table 6.1 presents a global

characterization of the participants from each focus group (more specific information can be found in

Table C2, p. 238). Participants were not intended to be representative of the general population, but
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we encouraged people from different backgrounds to participate, aiming at including people from at

least varying gender and age and different levels of contact with science. A total of 22 participants

(10  women,  9  men,  age  range  19-55)  took  part  in  the  study.  Participants  were  from  diverse

specialization backgrounds (e.g., Design, Physics, Psychology, Tourism, Translation) and had varying

science reading habits.  Interestingly,  albeit  non intentionally,  each focus  group had at  least  one

participant with experience as a formal and/or non-formal science educator.

To illustrate different types of science texts, participants started by reading about the Chemistry

concept of chirality through an expository text or a narrative text. The expository text only presented

the concepts and its relations, whereas the narrative text detailed the process of discovery carried

out by Louis Pasteur, describing science contents according to his thoughts and actions, in a temporal

succession. Participants then answered six questions about the contents presented in the text. These

questions  required  participants  to  think  about  the  contents  of  the  text  in  different  ways  (e.g.,

recalling information, making inferences among text contents or beyond), also in an attempt to more

fully engage participants in the topic of science learning.

one point was given to each correct answer to this end, merely to ascertain whether participants

paid attention to the texts contents and were able to understand its contents.

6.3.1. Learning activity

The texts had been previously developed to be used in studies that addressed factors and processes

involved in science learning (Soares et al., 2022b; Soares et al., 2022c), and the topic was purposely

selected  to  depict  a  science  discovery  that  would  be  practically  unknown  to  most  people.  The

questions  were  based  in  the  questions  used  in  these  previous  studies,  but  were  developed  in

collaboration with the second author to be more aligned with the learning activity of the current

study. Both texts and questions can be found in sections C3 and C4 (p. 238-39).

After reading the text  and answering  the questions,  a  small  video filmed for the study was

shown. The video took participants on a virtual tour of the location where the study was to take

place, namely the Chemistry laboratory of the museum and its historical equipment, accompanied by

a voice-over explanation given by the second author, who works as a science educator there. The

video aimed at further connecting participants with this non-formal setting and immersing them in

the  learning  activity.  Right  after,  the  second  author  facilitated  a  non-formal  learning  activity,

previously developed based on the texts’ contents. The activity was presented in PowerPoint, and in

it the second author provided further details and explanations on the concept of chirality. As can be
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seen  by  the  examples  in  Figure  6.2,  the  activity  this  explanation  combined  different  elements:

exposition and explanation of science contents (2A), narrative details about Pasteur’s personal and

professional life (2B), and a more practical and interactive moment of interpreting examples (i.e.,

applying the concept of chirality; 2C). Participants were also told they could pose questions at any

moment of the activity.

Figure 6.2. Examples of the three different elements incorporated in the learning activity.

Note. 2A presents representations of enantiomers; 2B describes how Pasteur’s drawing skills, namely in lithography,

may have contributed to his discovery of chirality due to the mirror features both share; 2C shows the examples in which

participants were encouraged to apply their knowledge on chirality.

6.3.2. Focus groups and thematic analysis

Focus group discussions, lasting around 1h, ensued, with the purpose of tapping into participants’

perceptions  on  science  learning  and  literacy,  and  the  specific  roles  of  different  text  types  and

museums. As can be seen in Table 6.2, our questions were organised around two axes.

The central topic of the discussion was how science learning and scientific literacy occur. The

moderator (the first author) began by asking participants what they understood by these concepts,

as to encourage them to apply and discuss their own definitions. The discussion progressively moved

on to more specific aspects of science learning and literacy, such as barriers, facilitators, and the role

of  different tools,  including  text  types  and museums.  The elements  from the preceding learning

activity,  which  also  had  a  “prompting”  role,  were  used  as  reference  by  the  moderator  to  help

141



introduce or illustrate the questions. Participants were also given the opportunity to read the other

text (i.e., the expository or narrative, depending on the one read at the beginning of the activity). The

moderator provided or asked for clarifications and examples whenever needed, but mostly let the

discussion flow naturally, as long as it remained on topic. Although the goal was for the dialogue to

flow organically, being an online discussion (e.g., Halliday et al., 2022) the availability of visual and

bodily cues was reduced, and so participants were asked to “sign-up” on the chat before speaking. If

a participant would consecutively sign-up, while others would do it less often, the moderator would

intervene and ask whether the latter would like to share something before the more loquacious

participant intervened again.

Recordings  were  transcribed  and  the  transcripts  were  coded  and  analysed  using  thematic

analysis (Braun and Clarke, 2006). The purpose of thematic analysis is to identify recurrent themes,

which are sometimes nuanced and should be judged on the basis of salience/relevance, instead of

frequency.

Following familiarisation with the data, codes were identified by the first author through flexible

and iterative engagement. These codes were phrases or extracts describing ideas, experiences and

feelings of the participants in connection to the research questions (e.g., “what should be there from

the beginning”,  “the importance of seeing connections with the real  world”).  Attention was also

given to the use of personal examples, emotional responses, and implicit beliefs. Although codes

largely  incorporated  semantic  aspects  (i.e.,  surface  meanings),  latent  aspects  of  the  data  (i.e.,

underlying concepts and ideas) were also included. Codes were then grouped into relevant themes

that expressed clear patterns and discussed with one of  the other authors. Subthemes captured

distinct aspects of a theme, while sharing the same central organising concept. For example, “show

some connections” and “see things happening” capture specific aspects of establishing connections,

the organising concept of the theme weaving webs. Before being defined, however,  themes and

subthemes were reviewed and refined, to ensure they were related to the central concept of the

theme  and  had  enough  support,  relevance,  and  distinctiveness  in  the  data.  Despite  their

distinctiveness, care was taken to ensure that the different themes related to each other, as well as

with the research questions (Braun and Clarke, 2006). A researcher who was not an author of the

study reviewed the themes for consistency, both with the central organising concept of the theme

and  the  research  questions.  Disagreements  between  researchers  were  always  resolved  through

discussion.  Short  definitions  for  each  theme  and  subtheme  were  then  written,  and  illustrative

extracts selected.
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Although we were particularly interested on the role of narrative texts and museums, which was

patent in the focus group script (see Table 6.2), we were also interested in the science learning and

literacy processes more generally, and it was not possible, nor desirable, to limit the free flowing

discussion to specific tools. As such, if references to other materials or contexts were more salient

and better captured the central concept of a theme, they were selected as illustrative examples.

Finally,  data  was  weaved  together  with  analysis  and  connections  to  the  adopted  pedagogical

framework and previous relevant literature on the topic of science learning.

Table 6.2. Script used in the focus group discussions

Axe Questions

Science learning and literacy 

(beliefs, practices, preferences, 

previous experiences)

What is science learning/scientific literacy?

How do you image science learning/scientific literacy unfolding?

Is it important to learn science/develop science literacy? And why/in which

life dimensions?

What kind of barriers to science learning do you perceive? And what 

could help improving these processes?

The role of specific tools (with a 

focus on different types of texts 

and museums)

What are the best ways to learn science?

What is the importance you attribute to texts? How are the science 

learning texts you tend to find?

Do you think there is place for different types of text (built around the 

contrast of expository and narrative texts)?

What kind of role do science museums play?

6.4. Results

Regardless of the text they read, participants answered most learning questions, with no marked

advantage  for  either  text  type.  Moreover,  the  fact  that  some  participants  had  a  high  level  of

experience with science, whereas others “ran away” from it, did not prevent the latter from sharing

their thoughts and feelings during the focus group, nor did it create noticeable tension or discomfort.

Instead, the focus group discussions were engaging and diversified, with people organically taking

part in the discussion and interacting with each another. Participants also used the texts they read or

the ensuing learning activity to illustrative specific ideas or opinions.
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Three themes were identified through thematic analysis. These were smooth the way, weaving

webs (both with three subthemes; see Table 6.3) and deeper dives, which will be presented in the

following subsections.

Table 6.3. Themes and subthemes from the thematic analysis

Themes Subthemes

Smooth the way “it should arouse my curiosity”

“give smaller doses”

“I needed something more visual”

Weaving webs “show some connections”

“see things happening”

“there is, in fact, a huge gap”

Deeper dives

6.4.1. Smooth the way

The first theme concerned conditions and features that can act as facilitators of the learning process

in initial and less specialized stages. They seemed to be regarded as key if any further learning is to

occur.

“it should arouse my curiosity”.  The importance of hooking learners’ curiosity and interest was a

recurring theme among participants when discussing the meaning and process of learning science.

Similarly, the lack of such factors was regarded as a barrier.

Often, the difficulty of the process of teaching/learning [science] is to arouse interest. 

(P8, science school teacher and informal facilitator)

Narrative texts were consistently pointed out as very efficient in capturing readers’ interest in

initial learning stages. However, a contrast between reading narrative texts and deeply processing or

absorbing information would also sometimes surface.

Up to adulthood, the narrative context is ideal, because what’s important is not to 

absorb the greatest amount of information possible, but to attract people to that 
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knowledge [science] and that they want to explore further from there, and that it is not 

a barrier to begin with (P1, does research in Cognitive Science)

The  texts  used  were  often  referred  to,  and  the  superiority  of  the  narrative  text  over  the

expository text, in terms of interest and engagement, was highlighted both by people who are not

comfortable with science and people who are:

The first text I got was super hard. [laughs]. (…) This second text, the narration, I mean I 

think it… immediately transports (P16, works in tourism) 

Although the texts have the same contents, I feel that the first, this is at a more personal

level, for a first approach I would become interested (P18, works as a facilitator in 

informal science learning contexts)

“give smaller  doses”. The need of  rendering science contents  intelligible  was also systematically

stressed.  It  was  characterized  by  the  use  of  simple  language  and  few  concepts  when  first

approaching, and getting a general view of, science topics.

For instance, Einstein’s theory for 10-year olds. That can totally happen, but what is the 

language being used to (…) write the relativity equation to them? [laughs] (P12, visual 

artist and former geography teacher).

Much of the science communication is made for other scientists (…) and that is elitist 

and a type of language that is complicated to break in smaller pieces if you never head it

before (P5, does research in Cognitive Science)

The advantages of using narrative texts at this  stage, as compared to expository texts, were

again  highlighted,  even  when  participants  were  quite  familiar  with  a  scientific  field  (albeit  not

necessarily with the specific contents of the texts).

The narrative text (…) was like a soft introduction, it was like more hand in hand. (…) the 

first [expository] text (…) is more technical, I would be a bit blocked because... it’s too 

direct, too cold, too many concepts. (P15, designer and animator)

I received the more formal (…) more expository, and it was in fact quite dense (…) and so

more difficult to understand, yes. (P9, does research in Physics)
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“I  needed  something  more  visual”.  The  importance  of  using  visual  tools  and  promoting  visual

strategies was also recurrently shared. The narrative text was considered to help visualize science

contents.

I got the more expository version (…) and was having some trouble understanding 

without drawing a schema (…) Maybe a text with a story would be… easier to 

understand, as it helps creating images (P6, works in Science Managing)

If I had to study I think I would start by drawing a schema next to it [expository text], you

know? To visualize and get the idea, as it is more difficult that wit the narrative text 

(P18, works as a facilitator in informal science learning contexts)

Importantly, museums were seen as places which provide that visual component, and overall as

being able to make knowledge more accessible to people in general.

I museums play that part of introducing people in an easier way, and so it does that 

translation (…) you have the experience, the visual, a person explaining in a very didactic

manner (P4, works as an architect)

6.4.2. Weaving webs

The second theme was built  around the idea that  establishing  connections is  crucial  for science

learning to be more fully grasped and put to use. Different kinds of connections between learners,

science knowledge, and science institutions, were captured by the different subthemes. It was when

participants were establishing this sort of connections that personal experiences and memories more

often emerged, accompanied by displays of emotion.

“show some connections”.  The importance of  connecting scientific knowledge to other  kinds of

knowledge was underlined, notably of contextualizing and situating science learning within broader,

familiar or important, frames. Contextualizations taking place in the classroom setting were the more

pervasive examples.

My Math teacher from the 10th grade, C., in the first class he taught us, the first thing he 

did was to explain Einstein’s relativity theory (…) but he did it to introduce the fact that 
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Math is the language through which we understand the universe. (…) it was like 

contextualizing it in an important...context (P14, does research in Psychology).

In contrast, not being able to establish this context was framed as a frustrating experience.

I thought of myself as a rather interested person (...) I would always try to (…) connect 

them [sciences] to my daily life (…) and for me that was a barrier, a reason for running 

away from the sciences. (P16, works in tourism)

“see things happening”.  Besides seeing science contents in context (i.e., seeing what is not there)

participants mentioned the importance of seeing their practical and applied side (i.e., get a better

grasp of what is there). On the one hand, this included learning by doing, that is, of seeing things

happening and doing them first-hand.

Examples like Chemistry I. I need to see things, I’m very visual, so I have to (…) see things

reacting with one another, and then go back and test it again myself. (P4, works as an 

architect)

Additionally, seeing applications and the practical side of science knowledge was seen as helping

uncover its usefulness. Importantly, the contents of the texts participants read, and the contents of

museums, were evoked as examples.

I’m thinking back to the exercise we just did about (….) Chirality. And I thought it was 

interesting (…) but at this moment it is not useful to me at all. But with the example of 

masks, on the other hand… (P10, works as a translator)

One of the great obstacles (…) is the vision that people in general increasingly have of 

museums. That they only have ancient things exposed, that are not relevant to anyone, 

that are not useful, etc. (P7, works in tourism).

“there is, in fact, a huge gap”. Yet another relevant form of connection is established at a more

societal level, which is perfectly crystallised in the following comment:

Truth is there is, in fact, a huge gap, between school, and not only academia, but society 

at large. (P1, does research in Cognitive Science)
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The gaps  were  diversified,  but  consistently  pointed towards communication and  connection

problems between science and people. Given this diversity and the importance of this subtheme, as

it connects different social levels (i.e., museums, schools, groups of people), we will include a few

more examples. For instance, the lack of adequate museum communication and outreach campaigns

were pointed out, both by people who work in that setting and people who do not.

It’s great that we go to museums in school fieldtrips but then it seems like museums do not

invest in attracting adult public. (P18, works as a facilitator in informal science learning contexts)

And so museums. I think that maybe they will have to surrender to (…) more digital approaches…

I don’t know if everyone has the same ability to visit a museum in person, even outside the context

of the pandemic, even as an institution in general (P14, studied and does research in Psychology)

Moreover, the COVID-19 pandemic was a recurring example of polarization: Of how these gaps

become apparent, but also how a social crisis can bridge them:

A problem with politics, namely populism, is (…) deconstructing simple arguments (…) to

me that has a scientific method component. And it should be way more taught and 

education is not fulfilling that role. (P1, does research in Cognitive Science)

We see people turning away from… science (…) what is also curious is seeing how during

the pandemic people seemed to somehow reconnect to science (P9, studies and does 

research in Physics)

6.4.3. Deeper dives

The third and final theme concerns the  development of deeper scientific knowledge. The adverb

afterwards  (or after, or then) is pervasive, usually following an initial understanding or building of

interest.  It  was  related  to  the  reading  of  more  specialized  expository  texts,  believed  by  most

participants to be better for conveying specific and rigorous information than narrative texts.

If we aim at (…) something more technical, more specialized, I think that it would make 

way more sense [to read] more concise texts (…) so that afterwards you are able to (…) 

speak a language, right? (P3, does research in Modern History)

Although  most  participants  saw  narrative  texts  as  less  appropriate  to  this  end,  it  was  not

completely discarded as an effective learning tool.
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I think that a narrative can give the impression that concepts are not as well learned, 

and yet they are way better learned that with other [texts]. Because… these is less 

confusion. That is, our memory is narrative, isn’t it? (P1, does research in Cognitive 

Science)

An  additional  idea  was  that  of  the  importance  of  gathering  knowledge  from  recognised

knowledge authorities. Museums were regarded having a role to play as part of the latter.

Everybody is certain, and has a theory as to why there are fires (…) And it is worrying 

that they don’t even (...) ask for the opinion of someone who actually knows about that 

matter (P11, works in the field of ecology)

Maybe the role that museums could have, in that sense, is not so much of creation and 

being one more person... in being one more organism in the cake, but maybe, more of a 

role of digital curatorship. (P9, does research in Physics)

6.5. Discussion

The current study had the goal of examining perceptions on how science learning and literacy occur,

shared in the context of  a  non-formal learning activity.  In general  terms,  the process of  science

learning was depicted as being made up of different elements and stages, which established specific

relations  to  different  text  types  and  museums.  In  addition,  the  RAND  model  offered  a  useful

pedagogical framework in which to frame our interpretations and connect the ideas expressed by the

participants with the different components of the learning process.

Findings can inform the development of science educational materials and activities related to

our tools  of  interest  that consider  learner’s  needs,  while  also framing these needs within  wider

contextual and social aspects. We will discuss the results in connection with such insights.

The  present  findings  bring  further  evidence  on  the  sort  of  difficulties  that  can  arise  during

science learning, and provide information of the kind of elements and approaches that educators and

educational settings  can use to provide more meaningful learning experiences. Participants made

clear  that  interest  and  intelligibility  of  the  learning  materials  should  be  prioritized  over

exhaustiveness and complexity of content, and that visual tools and strategies should be further used

and stimulated. Importantly, regardless of participants’ level of contact with science, narrative texts

were regarded as a useful tool to tackle these issues of interest,  readability, and visualization of
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science contents.  There is  indeed evidence that science texts can arouse interest  (e.g.,  Arya and

Maul, 2021; Hadzigeorgiou et al., 2012) and be particularly effective among low prior knowledge or

struggling  learners  (e.g.,  Hong  and  Lin-Siegler,  2012),  and  they  are  also  claimed  to  promote

visualization and mental imagery further (e.g., Akarsu et al., 2015; Prins et al., 2017). What is more,

these perceptions echo previous ones from researchers, teachers and students (e.g., Murmann and

Avraamidou, 2014b;  Prins et al., 2017; Ritchie et al., 2011); the fact that they  were shared in the

context of a non-formal activity strengthens these claims.

Participants’ perceptions of narrative texts are consistent with the common characterization of

narratives as “door openers” in initial learning stages (e.g., Kubli, 2005; Gilbert et al., 2005). These

perceptions were contrasted with striving for more than a global overview of contents, contended as

usually  occurring  after  interest  and/or  a  global  idea  of  the  topic  have  been  captured,  which

emphasises  the  importance  of  meeting  these  conditions  beforehand.  Consistent  with  its  official

status in specialized science communication (e.g., Avraamidou and Osborne, 2009), expository texts

were regarded by most participants as appropriate tools for deeper learning. Still,  narrative texts

were not completely discarded, echoing claims that they should be used with broader audiences

(e.g., Olson, 2015). These results also reflect the fact that narrative texts and expository texts have

different purposes (e.g., entertain vs instruct), which are associated to different social contexts (e.g.,

Adam, 1997; Soares et al., 2022a) and may therefore activate different reading strategies (e.g., Hidi

et al., 1982). Despite their contrasting nature, as regards the RAND framework, all these ideas mainly

concerned interactions between learners (interest, prior knowledge), texts (linguistic and conceptual

density; text structure), and learning activities (learning goals, namely general vs deep learning). As

such,  suggestions  concerning  narrative  and  expository  texts  were  more  strongly  associated  to

individual  learning  strategies,  and  thus  to  the  bridging  of  individual  gaps  between  people  and

science.

Additional suggestions for making science learning more meaningful included situating science

contents into a wider context and connecting it with other kinds of knowledge, as well as showing

the applied side of science contents and promoting hands-on-activities. These proposals match well-

established frameworks such as situated (Sadler,  2009) and inquiry-based (Martins-Loução et al.,

2020) science learning, and hint at the notion that disengagement with science learning is related to

its wider decontextualization (e.g., Gilbert et al., 2005; Sánchez Tapia et al., 2018). Additionally, the

specific claim that the usefulness of science contents should be made clear nods at the notion that

scientific truth should fulfil a social function. This idea has a long history (Bernal, 1939), and has been

at the centre of recent debates on science and society, such as science denialism and vaccination
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(e.g.,  Allchin, 2022; A. Costa, 2021).  Fittingly, many ideas on the importance of the practical and

useful side of science were imbued with references to the pandemic, highlighting the connections

between the lack of communication between science and society and major social upheavals. The

underlying perception of a gap between everyday and scientific thinking and matters (Bruner, 1986;

Klein,  2006)  thus  extended to  a  wider  social  level  (e.g.,  Bensaude-Vincent,  2001;  Feinstein  and

Meshoulam, 2014; A.  Costa, 2021).  Although they relate to different social levels, they can impact

one another: Perceptions of a gap at the personal level can contribute to enlarge the gap at the

wider societal level, creating a self-feeding cycle of disengagement and lack of a common basis of

communication and understanding.

Yet, there was also the perception that some people “returned to science” during the pandemic,

which is further strengthened by the fact that participants established these connections during the

discussion. This polarization in people’s response to science during the pandemic has been described

in the literature  (Krause et al., 2019; Reif and Guenther, 2021). In terms of the RAND framework,

these  ideas  were  less  connected  to  texts,  instead  emphasising  interactions  between  learners,

learning activities and a wider social context, such as schools, museums, research and academia). Of

note, these ideas were overall more filled with personal examples, memories, and emotional displays

than the other two themes, suggesting that establishing connections with daily life and social issues

resonated with  participants  at  a  more personal  level.  Science learning seemed to become more

meaningful when put in a wider, familiar and relevant, context (e.g., Kubli, 2005; Mutonyi, 2016).

Importantly, it was when the need of connections between science and people was being shared

that  museums  were  more  consistently  mentioned.  The  fact  that  museum’s  outreach  and

inclusiveness  were  put  into  question  (echoing  long-standing  concerns,  e.g.,  Feinstein  and

Meshoulam, 2014; Postolache et al., 2022), combined with references to museums when the need

for recognised science knowledge authorities was discussed, strongly suggest that museums were

seen  as  important  communication  interfaces.  Nonetheless,  museums  should  further  focus  on

expanding their reach and becoming more inclusive. This includes improving and modernising their

communication and exhibition displays, both of which involve digitalisation to some extent. Thus, by

strengthening the described connections in their exhibits and communication, museums can play a

pivotal role in rendering science learning more meaningful for broader and more diverse audiences,

and thus establish larger scale connections between science and people. In addition, by making more

use of narrative texts (or other mediums, given the expressed need for increased visual tools and

modernisation), museums have the potential to simultaneously bridge gaps at individual and social

levels. In fact, ideas concerning these two levels (e.g., the need for accessible language and of seeing
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the  applied  side  of  science,  respectively)  align  with  the  proposal  that  that  learning  a  new  skill

becomes easier when language and daily life are connected (Freire, 1970; Sadler, 2009), and depict

challenges to the pursue of  deeper science learning that can feed each other off (e.g., using daily

examples can be a way of capturing initial interest, and the lack of an accessible language prevents

people from contextualizing science knowledge).

Although this may be easier to accomplish in non-formal settings such as museums (Callanan et

al., 2011), school education can also benefit form a broader use of these tools, especially when first

presenting students to specific topics. As  they may prove of inspiration for educators from varied

settings, we added to section C5 (p. 240) a set of more specific ideas and suggestions on how to

improve science communication and learning shared by participants.

This set of findings further highlights the benefits of examining groups of people with different

points of view (e.g., Knudsen et al., 2015). We were able to tap into the experiences of people who

have always struggled with science learning and people who have built a path on a science field, even

as educators themselves. Unfortunately, the discussions did not include people who see science as

wholly uninteresting or irrelevant. Hearing the concerns and perceptions of these groups of people is

crucial to bridge the outlined gaps, but can also prove more difficult to achieve. People will be less

likely to participate in this sort of studies, as they focus precisely on what does not interest them

(science), or may be very resistant and reactive if they do participate. At any rate, such opportunities

for  sharing  points  of  view  and  collective  discussion  can  be  very  useful  both  in  research  and

educational  contexts  (e.g.,  Jerónimo and Reis,  2016;  King  et  al.,  2021;  Solomon,  1992).  In  turn,

collecting rich and diversified input can be a very useful complement to empirical studies on learning

and, most importantly, to strengthen the connections between theory, practice and policy.

6.6. Conclusion

Even outside  specialization  ambitions, scientific information permeates several aspects of our

personal and social life, making it beneficial to develop some level of scientific literacy. By examining

the perceptions of people with different levels of contact with science, our findings underline the

kind of difficulties that can be felt, but also the ways in which these difficulties can be counteracted,

so that more effective materials and practices can be developed. Narrative materials can help reduce

the gap between learner’s everyday thinking mode and the scientific thinking mode, by providing an

interesting, accessible, and more visible bridge. Moreover, contextualising science and revealing its

pervasiveness in daily life makes science more relevant and meaningful for learners throughout their
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lives.  Museums  can  provide  this  crucial  bridge  between  science  and  people,  while  also  taking

advantage  of  the  more  individual  narrative  bridge.  Yet,  they  must  insure  their  communication

reaches a wide and inclusive audience. Connecting people’s perceptions with theoretical ideas and

empirical  results  provides  a  much  needed  bridge  between  science  (e.g.,  institutions,  schools,

academia)  and  people,  and  is  a  step  towards  reducing  gaps  and  making  science  learning  more

inclusive and pervasive.
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CHAPTER 7

General discussion

The proposal of using narrative texts as a science education tool consists in using a highly pervasive

tool  to  make  sense  of  the  also  pervasive,  yet  often  alien,  presence  of  scientific  concepts  and

developments in daily life. However important, science learning faces a variety of challenges  (e.g.,

unfamiliarity and counterintuitiveness of science ideas; human and cultural decontextualization of

science materials), and narrative texts can address many of these challenges through a literacy-based

approach. Yet, there is still much that we do not know about the outcomes they produce, and about

the learning process leading to such outcomes.

Although previous research has reported encouraging results for the use of narrative texts as

science education tools (e.g., Arya & Maul, 2012; Hadzigeorgiou et al., 2012), it has also produced

mixed  results  (e.g.,  Jetton,  1994;  McQuiggan  et  al.  2008),  which  have  not  been  satisfactorily

interpreted  and  explained.  In  addition,  despite  narrative’s  conceptual  association  to  a  set  of

processes, little is known about the actual processes that are engaged when learning science from

narrative texts, and thus on how the processes triggered by narrative texts impact science learning.

Specifically,  little  is  known  about  the  features  of  the  learner,  text,  activity  and  wider  context

impacting, modulating, or even restricting the occurrence of a narrative learning effect. Moreover, a

theoretical dialogue with literacy aspects at its centre seems to be missing, even though narrative

texts are a literacy-mediated science learning tool. Such a theoretical backbone could prove key for

making sense of previous results, as well as designing new research and educational interventions.

In the present work, we set out to investigate the potentially symbiotic relationship between

science learning and narratives, returning to a long-standing idea (i.e., the use of narrative texts to

teach science) with a fresh look and new ideas. Namely, our research was rooted on the premise that

the multidisciplinarity inherent to this topic should be embraced and had the overarching aim of

building a more complete picture by focusing on three dimensions: theoretical backbone, learning

outcomes, and learning process. Our first research question (RQ 1) tapped into the first of these

dimensions (theoretical backbone), asking which theoretical frameworks would prove more useful to

investigate  the  issue  of  learning  science  from  narrative  texts.  In  Chapter  2,  we  conducted  a

theoretical  review  to  answer  it  and  used  the  resulting  theoretically-grounded  mapping  when

addressing  the  following  research  questions.  Our  second  research  question  (RQ  2)  concerned
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learning outcomes (the second of the outlined dimensions), and touched on various aspects. We

started by analysing,  in previous studies,  the consistency of these learning outcomes at different

educational levels, by means of a theoretical review that drew on the proposed theoretical backbone

(Chapter 2). We then conducted empirical behavioural studies with young adults with low levels of

prior  relevant science knowledge that assessed learning science from narrative texts at  different

levels of comprehension (Chapters 4 and 5). In Chapter 4, we compared this learning with the one

obtained by reading expository texts with equivalent scientific contents. The used learning materials

(texts and corresponding learning items) were developed by us beforehand (Chapter 3).

Finally, our third research question (RQ 3) asked how the process of learning science through

narrative  texts  occurs.  This  final  question  concerned  the  last  outlined  dimension,  the  learning

process, and was firstly addressed  in the theoretical review conducted in Chapter 2, in which we

gathered  and  linked  ideas  and  evidence  regarding  the  conditions  and  underlying  mechanisms

involved  in  learning  from  science  narrative  texts,  based  on  our  proposed  theoretical  backbone.

Furthermore, the third question  addressed three facets of the learning process. In Chapter 5 we

investigated  the  influence  of  human-related  elements  in  science  learning  at  different  levels  of

comprehension  (RQ  3a).  More  specifically,  we  examined  the  attention  dedicated  to  human

depictions  in  science  narrative  texts  by  means  of  eye  tracking,  which,  to  our  knowledge,  is

unprecedented.  We  also  analysed  the  human-related  thoughts  triggered  by  the  reading  of  the

science narrative text, using tasks we developed for this purpose, as well as more general human-

related thoughts,  assessed through a task that  had not been previously  used to in this  body of

literature (i.e., learning from science narrative texts). In addition, we analysed the impact on science

learning of set of features from the learners (RQ 3b), through independent tasks (i.e., not pertaining

to the reading of the texts; Chapters 4 and 5). In Chapter 6, we investigated people’s perceptions on

science learning and literacy, and particularly on the role played by narrative texts and museums (RQ

3c). A qualitative study, combining focus-group and thematic analysis, was conducted.

Overall,  the findings reported in the present dissertation successfully addressed the research

questions and objectives, shedding light on theoretical aspects, as well as on learning outcomes and

the process leading to such outcomes. Regarding theoretical aspects, in Chapter 2 we proposed a

literacy-focused dialogue between ideas from text linguistics, cognitive psychology and pedagogy,

which can help make sense of previous results while also contributing for future conceptualization,

research and educational interventions. As for learning outcomes, the findings from Chapter 2 help

determine  the  extent  of  a  generalized  “narrative  effect”  in  previous  studies.  The  results  from

Chapters 4 and 5 provide evidence on whether young adults can benefit from learning science from
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narrative texts; Chapter 4, in specific, delivers further evidence on whether this benefit extends to

different science topics, levels of comprehension, and retention intervals. As regards the learning

process, these two Chapters also report evidence on the kind of more general learner’s  features

contributing to learning science from narrative texts (and from expository texts as well, in Chapter 4).

Moreover, the findings from Chapter 5 highlight the kind of human-related elements that influence

learning from science narrative texts. These include elements depicted or triggered by the science

narrative  text  itself,  or  pertaining  to  more  general,  text-unrelated,  processes.  In  Chapter  6,  we

revealed the kind of difficulties people feel during lifelong science learning, and how tools such as

narrative  texts  and  museums  can  help  ameliorate  these  challenges.  Still  regarding  the  learning

process, Chapter 2 delivered a mapping of theoretically-grounded conditions and processes that are

involved when learning from science narrative texts. Lastly, a supporting contribution to these major

contributions  is  found in  Chapter  3.  The  information we shared  information,  on  the  process  of

developing  science  texts  and  corresponding  learning  items,  may  be  useful  for  educators  and

researchers interested in using narrative texts as science learning tools.

Figure 7.1. The areas the present dissertation was built on

In this seventh, and last, chapter, we will summarize the main findings and implications of our

studies, discuss the major theoretical and applied contributions of this work, and point out its overall
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limitations. We will also identify aspects that warrant further research while discussing these three

aspects. As  a  final  remark,  it  is  important  to  point  out  that  this  dissertation  was  built  on  a

multidisciplinary effort, as illustrated in Figure 7.1.

7.1. Summary of main findings and implications

RQ 1: Theoretical backbone – Better understanding the issue of learning science from narrative 

texts: Which theoretical frameworks would be useful?

We addressed the question of which theoretical frameworks would be particularly useful to draw

from by means of a theoretical review (Chapter 2). In this review, we adopted a literacy-focused

approach,  highlighting  the  importance  of  tackling  challenging  aspects  of  science  learning  by

improving language and literacy processes. Given that texts, particularly narrative texts, were our

tools of interest, we based our proposal on the relevance of considering texts’ features (e.g., Adam,

1997), the cognitive representations and corresponding processes by which texts are processed by

readers during learning activities (e.g., Kintsch, 1998), and the interactions of these elements with

each other within and with a wider context during the learning process (e.g., Adam, 1997; Snow,

2002). The conceptualization of text features came from text linguistics, which conceives texts as

social objects made up of textual and contextual features (Gonçalves, 2019). Knowledge on cognitive

representation and the processes underlying comprehension came from the Construction-Integration

model (e.g., Kintsch, 1988, 1998), which posits that readers construct and integrate information into

representations  through  an  interactive  interplay  of  processes,  and  has  been  the  predominant

paradigm when conceptualizing basic processes and pedagogical practices for comprehension (e.g.,

Pearson  & Cervetti,  2015).  Finally,  the  RAND framework  gave  information on  the  elements  and

interactions that make up the process of learning from text. Importantly, this framework recognises

the multifaceted nature  of  learning and aims at  providing guidelines for  education research and

development.

Our  proposal  is  the first  to  offer a  multidisciplinary  dialogue to tackle  the topic  of  learning

science through narrative texts. In general, a framework that goes beyond ideas on the concept of

narrative was missing. Founding ideas on narrative are very important and should be present, but

they are not enough for more directed and theoretically-guided research and educational practices

to be developed. Although some theoretical works and empirical studies have drew on features from
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narrative,  these were usually  mostly  focused on textual  features  (Avraamidou & Osborne,  2009,

Norris et al., 2005, Prins et al., 2017), failing to more deeply considering how pragmatic and textual

features interact within a wider sociocultural  context,  and the consequences this holds for using

science  narrative  texts.  Furthermore,  although  many  works  adopted  constructivist  pedagogical

frameworks (Hadzigeorgiou et al., 2012; Klassen, 2007; Kokkotas et al., 2010), and others drew on

cognitive frameworks of text processing such as the Construction-Integration model (Arya & Maul,

2012; Wolfe & Mienko, 2007; Wolfe & Woodwyk, 2010),  none had combined input from all  the

different fronts we propose.

First  and  foremost,  the  combined  insights  from  these  different  frameworks  had  important

implications for the development of the dissertation project. The proposal outlined by the Reading

for Understanding (RAND) framework provided the pedagogical backbone from which we framed the

two questions addressed in  the theoretical  review and in  the following studies.  This  framework

helped us  recognise  the multifaceted and complex  nature  of  learning  through text,  made up of

features from the text, the reader, the activity, and the wider sociocultural context, and use it to gain

a deeper understanding of the results from our own studies, and the results from previous literature.

One characteristic that stands out is the fact that most former studies focused on just one or two of

these elements. While there is nothing wrong with paying particular attention to one element, the

fact that the other elements might impact the results should not be forgotten, even if those elements

are not under direct examination. Importantly, this understanding was crucial for developing our idea

that it is more sensible to envision several specific narrative effects, instead of a generalized and

singular narrative effect.

The view of texts put forward by text linguistics offered us a better grasp of the features that

make up science narrative texts. The notion of texts as highly heterogeneous objects was particularly

important,  as  was  the  distinction  between  sequences  (focused  on  textual  features)  and  genres

(encompassing wider sociodiscursive practices). These concepts are often used interchangeably in

the literature on using narrative texts in science education,  which tends to obscure the role that

social practices and expectations play in text processing (i.e., genre), such as expected contents and

purposes,  and  focus  solely  on  recognisable  textual  features  (i.e.,  sequences).  This  knowledge

influenced the development of the texts (Chapter 3) that we used in following studies (Chapters 4-6),

but especially our expectations and interpretation of the results, while making us aware of the limits

of our approach. Namely, that the narrative and expository texts we developed in compliance with

highly controlled parameters, are fundamentally different from the ones usually found outside the
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laboratory, which are more heterogeneous, and are therefore more aptly described as sequences

(i.e., highly homogeneous pieces of text).

Finally,  the  Construction-Integration  model  gave  us  a  solid  and  comprehensive  cognitive

framework from which we developed and evaluated the more cognitive features of this  project.

Namely,  it  was  crucial  for  developing  learning  items  that  tapped  into  different  levels  of

comprehension,  providing  us  with  a  more  complete  and  robust  view  of  the  underlying

representations and processes of the overarching educational outcomes “memory” and “learning”. In

addition, the notion that several processes influence the building of cognitive representations (and

thus, of learning) equipped us with a framework for investigating the processes that underlie the

learning of science through narrative texts, instead of examining them only as outcomes. That is, it

helped us retrieve the “why” of the learning outcomes afforded by science narrative texts, an issue

that has seldomly been addressed in the literature.

This  dialogue  between  theoretical  frameworks  was  then  used  to  guide  our  examination  of

previous literature, namely through the questions  If  (i.e.,  focused on the learning outcomes) and

How (i.e.,  focused on the learning process),  as well  as the subsequent studies we conducted to

empirically  address  these  questions.  Although  we  described  the  implications  of  our  findings  in

relation with the present dissertation, similar implications can, of course, be extended to research

and education in general.

In sum, we believe that this multidisciplinary lens,  which places literacy at its core,  is highly

relevant, as texts are a cornerstone of science learning and of many of the challenges to science

learning.

RQ 2: Learning Outcomes – Can people, in particular young adults with little prior science 

knowledge, learn science from narrative texts at different levels of comprehension, and even better 

than from expository texts? 

The  question  pertaining  to  the  learning  outcomes  afforded  by  science  narrative  texts  was

addressed in Chapters 2, 4 and 5. More specifically, each Chapter used different approaches and

touched on different aspects included in the question (e.g., whether people in general can benefit

from narrative texts as a science learning tool;  whether narrative texts benefit different levels of

comprehension; comparing the outcomes from narrative texts and expository texts).

In Chapter 2, by means of a theoretical review, we examined previous evidence on memory and

learning  outcomes  stemming  from  science  narrative  texts  at  different  levels  of  education.  This
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analysis revealed encouraging results for the use of science narrative texts, both when narrative texts

were used as a stand-alone tool, and when they were being compared with expository texts.  The

results  further  showed  that  science  narrative  texts  can  be  useful  learning  tools  at  different

educational  levels,  including  young  adults,  although  there  were  not  many  studies  with  this

population. This is an important finding, given the lingering pragmatic association between narrative

texts and younger students. Yet, results were suggestive that students with lower levels of prior

knowledge may reap more benefits from this learning tool, which preserves the association between

narrative texts and early states of learning, regardless of age. Results further indicated that memory

and learning benefits of science narrative texts may more noticeable in the long term.

In Chapter 4 and 5, we conducted empirical studies with young adults with low levels of prior

knowledge  of  the  science  topics  presented  in  the  texts,  using  linear  mixed  model  analysis.  We

observed that young adults in initial stages of learning did indeed learn science from the narrative

texts they read. However, in Chapter 4, where the durability of the memory and learning results was

tested, participants’ performance actually declined after one week, in contrast to what was mostly

observed  in  the  analysis  conducted  in  Chapter  2.  Additionally,  and  importantly,  learning  was

observed at different levels of comprehension: Namely, in the recall of information mentioned in the

text, inferences between different parts of the text, comprehension of key ideas, and application of

key ideas in a novel situation. This finding is informative because, even though this question is of

great relevance for educators and researchers alike, few previous studies have reported learning

results at different levels of comprehension, and so it remains unclear which, if any, level benefits

particularly from narrative texts. By drawing on a cognitive model of text comprehension, we were

able to distinguish the impact of science narrative texts on different levels of comprehension, hence

shedding light on the cognitive operations underlying the observed outcomes. This information can

then be used to help understand why specific learning results can be obtained, or why they fall short

of expectation.

Moreover,  the  average  results  were  medium  in  the  learning  items  tapping  into  levels  of

comprehension  requiring  less  elaboration,  and  lower  in  the  learning  items  requiring  more

elaboration. It is possible that the materials were somewhat challenging, and it is important to keep

in mind that it was the first time participants read the described contents, most of them reading the

text only once before answering the questions. When the results from both math and chemistry

were considered, in Chapter 4, scores followed a downward tendency; yet, in both Chapters 4 and 5,

chemistry’s learning results were higher in questions requiring inference between different parts of

the text, signalling that different science topics can yield different learning results.
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Crucially, in Chapter 4 this difference between science topics extended to the effect of text type.

Indeed, the analysis from Chapter 2 had already revealed that narrative texts did not always provide

an  advantage  to  expository  texts,  being  sometimes  indifferentiable,  and  other  times  lower.  In

Chapter  4,  the  results  produced  by  the  narrative  and  the  expository  maths  texts  did  not  differ

significantly, which may have owned itself to higher familiarity with the contents of the maths texts,

as compared with the chemistry texts. On the other hand, a narrative advantage was observed in the

chemistry topic, extending to all  assessed levels of comprehension, but particularly in one of the

more elaborate comprehension levels. Besides being rated as less familiar, these texts were further

considered to be more difficult and less interesting, highlighting the importance of examining other

features and processes that intervene in the learning processes. Most importantly, this finding adds

to the idea, already put forward in Chapter 2 and by other authors, that learning some science topics

might benefit particularly from the use of science narrative texts. Thus, to our understanding, based

on the present findings and the theoretical background we proposed, the notion of a generalized

narrative effect does not seem to hold, even when just two topics are being compared. Despite this,

it is worth nothing that the memory and learning outcomes observed in Chapters 4 and 5, whether

favouring  narrative  texts  or  not,  proved  to  be  robust,  as  they  remained  significant  even  in  the

presence of other variables that also contributed significantly to the learning results.

One of the main implications of these findings is that the potentialities of narrative texts as

learning tools are not restricted to younger children and to school contexts: Instead, they can be

used to teach science to older learners, in the context of lifelong learning, at least in initial learning

stages.  Crucially,  narrative  texts  do  not  necessarily  entail  memory  and  learning  superiority  in

comparison with the more established expository, and so narrative effects should be studied at their

own,  specific,  right,  instead of  being  assumed from the get-go and treated like  a homogeneous

effect. Importantly, examining the learning process has the potential of bringing relevant information

that enables a better comprehension of the observed results.

In sum, these findings shed light into the issue of learning science from narrative texts in several

ways, from gathering and analysing a comprehensive set of previous results and ideas that can be

very useful in future research, to the investigation of empirical effects of narrative texts as stand

alone tools and in comparison with expository texts with equivalent contents. A nuanced view of the

narrative  effect  is  proposed,  and  the  importance  of  understanding  the  process  leading  to  the

observed outcomes becomes evident. Moreover, further studies are needed to better ascertain the

memory and learning benefits reaped by older learners, and whether these benefits are limited to

initial  learning  stages,  as  well  as  the  durability  and  pervasiveness  (in  terms  of  level  of
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comprehension) of the learning effects.  Lastly,  we gathered and analysed the learning outcomes

from a representative set of previous studies which used science narrative texts, which may prove

useful for researchers and educators interest in this topic.

RQ 3: Learning Process – How does the process of learning science through narrative texts occur?

The final research question, pertaining to the process of learning through science narrative texts,

was also approached in different Chapters and in different ways. The fact that this question entailed

three facets of the learning process is of significance, as they corresponded to different pieces, and

levels, of the same puzzle, helping build a more complete picture of this issue. These facets were:

processes triggered specifically by human-related elements from narrative texts (RQ 3a); processes

stemming more generally from learners’ features (RQ 3b); and more global perceptions that people

have on science learning and the use of narrative texts in science education (RQ 3c).

In Chapter 2, drawing on the proposed dialogue between theoretical frameworks, we gave an

outline for the investigation of the process of learning science through narrative texts, translated in a

set of conditions and underlying processes deemed relevant for the matter at hands. We established

connections with a broader literature, in search of hints on what these conditions and processes

might be, complementing them with evidence whenever available. More specifically we identified

specific  features  of  the  used  science  narrative  texts  (temporal  structure;  contents,  namely  the

inclusion or not of fictional elements), of the learning activities using these texts (aims; duration of

intervention; variety of extra-text activities), and of the learners that learned from these texts (social

and cultural identities; socioeconomic status). We also identified processes proposed to be engaged

by  science  narrative  texts,  namely  integration  with  prior  knowledge,  affective  dispositions,  and

cognitive abilities.  We sought to address some of  these issues using different approaches in the

following empirical studies (Chapters 4, 5 and 6).

Overall, we found that many of these conditions and processes are either understudied or have

yielded  varying,  and  at  times  conflicting,  results.  As  regards  conditions,  we  found that  a  major

distinction in science narrative texts pertains to the incorporation of fictional elements with factual

science contents, or restriction to factual contents (i.e., scientific and narrative).  The latter seem to

more consistently have yielded good learning results, although both seem to produce other positive

outcomes, such as engagement and connection with the (fictional or factual) characters.  However,

higher interest in narrative texts is not ubiquitous (e.g., Cervetti et al., 2009). This result is in line with

the results of our following studies (Chapter 4 and 5). In addition, science narrative texts seem to
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elicit some confusion in terms of reading purpose, as they combine entertainment and instructional

goals.  On the other hand, it  seems clear that learning science from narrative texts benefits from

longer interventions, and teachers experienced in using such materials tend to prefer to use them in

longer units (e.g., Kokkotas et al., 2010). Thus, even though we observed encouraging learning results

from the use of science narrative texts in Chapters 4 and 5, it is possible that the benefits would be

even  more  pronounced  and  extensive  with  a  longer  intervention.  Furthermore,  there  is  some

evidence that students belonging to marginalized groups, such as less dominant social and cultural

identities  and  low-income  backgrounds,  can  benefit  especially  from  science  narrative  texts.  As

regards  the  empirical  studies  from  Chapters  4  and  5,  participants  were  from  a  relatively

homogeneous background, for the most part Portuguese, middle class, cisgender, white students.

Our results thus indicate that students with these features are likely to benefit, at least to some

extent, from narrative texts when learning science. All these issues provide interesting hints that

warrant further and more direct investigation.

Regarding processes, integration with prior knowledge has been the more consistently examined

aspect (e.g., Browning & Hohenstein, 2015; Flynn & Hardman, 2019; Wolfe & Mienko, 2007), and

students with lower levels of previous knowledge seem to particularly benefit from learning science

through narrative texts. This finding is again in line with the results of our empirical studies described

in  Chapter  4  and  5,  and  with  the  perceptions  gathered  in  our  study  presented  in  Chapter  6.

Additionally, there is evidence that science narrative texts can positively impact affective processes,

yet the specific ways in which these affective processes in turn impact learning remains to be further

ascertained. Exceptions include Reuer’s results (2012), which report a significant correlation between

the level of interest elicited by science narrative texts and the learning outcomes they yielded, and

our own results. As a matter of fact, in Chapter 4 we ascertained that the level of interest in the texts

predicted  both  the  learning  outcomes  produced  by  the  science  narrative  texts,  and  by  their

expository counterparts. This result becomes particularly significant when we consider that, although

not  all  the  texts  used in  Chapter  4  yielded equivalent  learning  outcomes,  the interest  the texts

elicited in participants impacted their learning. Moreover, although the math narrative text did not

yield  better  results  than  its  expository  counterpart,  it  was  considered  to  be  significantly  more

interesting. This result nods at the aforementioned finding that, even though not all narrative texts

consistently  generate  better  learning  outcomes  than  expository  texts  (e.g.,  narrative  texts  with

fictional elements), they nonetheless tend to generate positive affective outcomes.  Moreover,  by

increasing  interest,  narrative  texts  can  lead  to  educational  benefits  other  than  learning  (e.g.,

engagement, proactivity), which may eventually contribute to improve learning in the long term. Of
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note, Reuer’s study (2012), in which a significant correlation between interest and learning from

science narrative texts was observed, was a semester-long intervention.

Finally, although a set of cognitive abilities were identified in Chapter 2, these were investigated

at  their  own right  to an even lesser  extent in  previous studies,  and much less in  connection to

observed learning outcomes stemming from science narrative texts. It can thus be concluded from

the analysis made in Chapter 2 that, even though there are many interesting leads, the conditions

and  processes  contributing  to  learning  science  from  narrative  texts  are  still  quite  unknown,

warranting further and more direct investigation.

Besides the results described in the previous paragraphs, we also investigated the impact on

science learning of  other general  learner  features  and features  and processes  related to human

elements depicted in a narrative text. In Chapter 4, we further determined that a greater science and

literacy background, as well as more higher scores on measures of attitudes on science and cognition,

had a positive impact on learning science from both the narrative and the expository texts.  This

constituted a novelty, as this set of measures had not been used in previous studies of the relevant

literature. Literacy-related measures, in specific, have seldomly been investigated (for an exception,

see Maria & Junge, 1993), and although prior knowledge has been more thoroughly investigated,

other aspects pertaining to prior science background, which we have examined, have not. Part of

these  measures  were  also  again  found to  predict  learning  from the  chemistry  narrative  text  in

Chapter 5, crucially even in the presence of measures related to attention to and thoughts on human

action. Furthermore, we also determined that some of these measures did not predict learning from

the expository texts, whereas all predicted learning from the narrative texts, indicating processing

differences when learning from these two text types.

In addition, in Chapter 5 we delved deeper into the processing of the chemistry narrative text.

Namely,  we  directly  examined the impact  on  science  learning  of  depictions  of  human action in

narrative texts, as well as the impact of human-related thoughts related to the that text, and to more

general  socio-cognitive abilities.  Human-related features  and processes  are  a  defining feature  of

narrative, and have been closely examined in the context of more conventional (i.e., non-science),

narrative texts (e.g., Kidd & Castano, 2016;  Mar et al., 2006). Yet, even though these features are

often evoked to justify enhanced engagement and learning from science narrative texts, previous

evidence using these texts is  usually  more indirect  (e.g.,  Jetton,  1994;  Murmann & Avraamidou,

2014; Lin-Siegler et al., 2016). For these reason, even though the study conducted in Chapter 5 was

very exploratory, it gives key insights on this important issue.
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Specifically,  using  eye  tracking  and  linear  mixed  model  analysis,  we  found  that  dedicating

attention to  mental  and  sensorimotor  depictions  of  human action during  narrative  text  reading

significantly and positively predicted science learning scores. Importantly, our study is the first to

establish such a connection, as it is the first study to use eye tracking to investigate such issues using

science narrative texts. Moreover, we also found that some thoughts on human action also predicted

science learning scores and that attention to and thoughts on human action made joint contributions

to learning. Additionally, exploratory correlation analysis indicated that some of these attention and

thought  measures  correlated  with  specific  levels  of  comprehension  of  the  science  contents

presented in the text.

It is worth noting that participants engaged in a set of thoughts on human action related to the

reading of the science narrative texts. Some of them were related to theory of mind measures, and

thus more directly connected to the scientist’s actions (e.g., Larison, 2018; Solomon, 2002); others

were related to more general humanising of scientific meaning (e.g., Egan, 1997; Hadzigeorgiou et

al., 2012), some of it pertaining to higher level connections to social aspects of the scientific process.

We also included a more general socio-cognitive measure, in this case of attribution of intentions,

which was yet another novel aspect of Chapter 5, given that previous studies on science narrative

texts have not directly assessed theory of mind abilities. Of note, the measure we used (J. Fernandes

et al., 2022) delivers a rather pure measure of intention understanding, is non-verbal, and was not

related  to  the  reading  of  the  narrative  text  or  its  science  contents.  As  such,  it  allowed  us  to

differentiate  the  contributions  on  science  learning  of  a  theory  of  mind  ability  from  those  of

participants’ literacy skills and science-related knowledge. Furthermore, using a principal component

analysis,  we  determined how these different  measures  were  linked to each other  (i.e.,  through

components),  and  whether they contributed to  science learning.  Specifically,  we  found that  the

independent measure of attribution of intentions was grouped with measures of transportation and

perspective-taking. We considered that this combination reflected a set of general abilities related to

simulating, either by imagining or inferring, other visuospatial and psychological points of view. From

all the measures related to thoughts on human action, this component  was the best predictor of

science learning, being particularly correlated to the level of recall. Another component, formed by

our two measures of humanisation of scientific meaning, was particularly correlated to the level of

comprehension of  key ideas,  despite only having a marginal  general  impact on science learning.

Finally, the component formed by measures of cognitive theory of mind and affective theory of mind

did not have a general impact on science learning, but was negatively correlated to the level of text-

based inferences.
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Moreover, we found that the interest elicited by the texts did not predict learning scores when

put together with measures of attention to and thoughts on human action, but also pointed out that

this  was probably due to the overlap between interest  in the text and the latter measures (i.e.,

thoughts on human action). It thus seems that the impact on learning of attention to depictions of

human action is not merely reflecting participants’ interest in the text, but the impact of measures of

thoughts on human action seem to be partly dependent on it.

Finally, besides collecting and analysing a series of quantifiable measures, we gathered as well

more qualitative perceptions on the role that narrative texts and other potential lifelong learning

tools  may  play  on  science  learning.  This  was done in  Chapter  6,  and  in  a  way,  represented an

extension of the process of collecting participants’ perceptions on the science learning materials we

built, that was made in two of the pretests from Chapter 3. These more qualitative perceptions were

analysed through  thematic  analysis,  in  contrast  with,  and  as  a  complement  to,  the  quantitative

analyses from previous Chapters. Also, unlike the previous Chapters, in Chapter 6 these perceptions

were gathered from people with varying levels of contact with science, including people who worked

on science-related fields and had experience as science educators. This allowed us to build a rich

mosaic of ideas, perceptions and feelings on the topic, and is a relevant contribution, as previous

studies  analysing  perceptions on the use of  narrative texts  in  science learning  mostly  examined

school students and teachers (e.g., Prins et al., 2017; Ritchie et al., 2011). Despite this divergence

from  previous  literature  and  the  different  backgrounds  of  the  participants,  their  perceptions

converged with ideas gathered from analysis of the previous studies (particularly in Chapter 2), and

with  empirical  results  from  Chapters  4  and  5.  In  specific,  narrative  texts  were  regarded  as  a

particularly  effective  tool  for  initial  learning  stages,  given  their  perceived  potential  to  capture

learners’  interest,  offer a more familiar  and easier  language,  and promote visual  strategies.  Yet,

though  a  few  people  also  saw  their  potential  beyond  “door  openers”,  most  people  deemed

expository  texts  to  be  more  appropriate  for  subsequent  stages  of  learning,  after  learners  are

equipped with the basic conditions to pursue deeper processing of information, and motivated to do

so.

Another novel  contribution of  the study reported in  Chapter  6 was concomitantly  analysing

more general perceptions on how science learning and literacy occur. Specifically, people highlighted

the importance of integrating and connecting other kinds of knowledge when learning science, an

idea that aligns with the results from previous Chapters,  namely that other,  non-science related,

aspects contribute to the learning of the science contents. Additionally, participants underlined the

importance of seeing the applied, and also useful, side of science, a result that nods at the outlined
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social  and pervasive  nature  of  science  contents  and developments.  This  connection was further

cemented  by  the  role  that  was  attributed  to  museums,  seen  as  important  lifelong  science

communication  hubs  that  connect  different  levels  of  society,  namely  science  and  people.  Yet,

participants also stated the need of improving that communication, both by modernising the way in

which it is done and by reaching a broader, more inclusive audience. These perceptions, which had

already  been pointed  out  in  the  relevant  literature  (e.g.,  Achterberg  et  al.,  2017;  Feinstein  and

Meshoulam, 2014), add to the perceived challenges and difficulties outlined in the Introduction and

in previous Chapters. Fittingly enough, the COVID-19 pandemic was a recurrent example not only of

the failures of communication and connection between science and society, but also of how people

can reconnect to science, namely to scientific knowledge authorities, during major social upheavals.

These results further highlight the human facet of science explored in Chapter 5, albeit in a more

qualitative and global,  manner.  Of  note,  Chapter  6 resulted from a collaboration with  a science

museum, Museu de História  Natural  e  da  Ciência de Lisboa,  connecting scientific research,  non-

formal learning, and people, and thus extending the reach of the present dissertation. 

The main implication of this set of findings is the enhanced knowledge of the process of learning

science from narrative texts, in specific, but also of more global aspects pertaining to the process of

learning  science.  Specifically,  we  found  that  there  is  some  knowledge  on  the  conditions  and

processes involved in this process, but also that many of them have not been more directly and

thoroughly examined in connection to learning outcomes. Still, we gathered these meaningful ideas

and organised them according to our proposed multidisciplinary theoretical mapping, which may

inspire hypotheses in future research, as well as educational practices, using science narrative texts.

Additionally, we were able to provide evidence on the impact of some aspects and processes on

science learning, some which had already been addressed in previous literature, but others which

were examined for the first time, or were at least for the first  time more directly connected to

science learning outcomes.  We found that some of  these processes were common to outcomes

stemming from both narrative and expository texts,  and that some were specific to the former.

Moreover,  and importantly, we made a deep exploration of the role of several different human-

related elements and processes when learning science from a narrative text. Finally, we collected

more qualitative and global insights on the role of narrative texts as lifelong science learning tools, as

well  as on more global  aspects of  this  socially  important issue.  These findings,  which pertain to

different facets of the learning process, combine different kinds and levels of information: cognitive

processes specifically related to human elements, cognitive processes more generally stemming from

learners’ features, and discursive cues resulting from more general perceptions from people.
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In sum, these findings point to the centrality of human and social factors for science learning,

further confirming the important role that narrative texts can thus play on this learning. These inputs

highlight the importance of building a more complete picture of this learning process, by connecting

learners to science texts and activities, but science to people more globally.

7.2. Major Contributions for Theory and Practice

In this section, we focus on what we believe to be the major contributions to the topic of learning

science through narrative texts of the three main research questions, and corresponding findings. We

identified four higher-order theoretical and applied contributions, which we will now highlight: 1)

Theoretical dialogue with literacy at its core is key; 2)  The importance of understanding the learning

process to explain many narrative effects; 3) Science education materials with a human facet; and 4)

Science learning  is  a  fundamentally  social  endeavour.  The main contributions pertaining to each

chapter are summarized in Figure 7.2.

7.2.1. Theoretical dialogue with literacy at its core is key

First,  the  present  work  highlights  that  literacy-related  aspects  are  key  to  tackle  many  of  the

challenges  to  science  learning,  and to  understand the  relationship  between narrative  texts  as  a

learning tool and science education. Texts have been a central instrument in science education, in

both formal and non-formal contexts, so it should come as no surprise that literacy-related aspects

should be considered when tackling the challenging aspects of science learning.

To the best of our knowledge, we elaborated the first proposal of dialogue between theoretical

frameworks from distinct fields that, nonetheless, focus on different and complementary aspects of

the process of learning through text. These were text linguistics (text features), cognitive psychology

(text comprehension) and pedagogy (the elements and interactions involved in the global process of

learning through text); together, these frameworks deliver complementary insights that form a solid

theoretical backbone. This theoretical backbone can then be used to interpret previous, often mixed,

evidence, as they offer not only a more complete picture of the pieces of the overall puzzle, but also

a  nuanced  and  multidisciplinary-lens  view  of  the  topic  at  hands.  Research  and  educational

interventions that place science texts as a centrepiece may therefore benefit from the proposed

theoretically-grounded mapping.
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Figure 7.2. Main contributions of the dissertation by Chapter

As an illustration, educators and researchers may use this theoretical backbone to conceptualize

the  problematic  of  learning  science  through  narrative  texts,  using  it  to  shape  other  ideas  and

concepts relevant for their work (be it on narrative, be it on other relevant concepts and methods).

Educators and researchers may also use it to develop text materials while keeping in mind the textual

and pragmatic features  of  texts,  and the wider  mediation of  the sociocultural  context.  A useful

example is considering that science narrative texts can tap into learners’ previous knowledge and

expectations and activate ideas and processing strategies that can be detrimental to science learning.

For instance, that narrative texts only serve to entertain and that, because they tend to include non-

factual information, they are unreliable for science learning. Knowing this in advance, researchers

can  predict  potentially  conflicting  or  mixed  results,  and  educators  can  take  steps  to  better

accommodate these learning tools, for instance by discussing these issues with learners explicitly.

Moreover,  drawing on insights from a text comprehension framework, such as the Construction-

Integration model, may also help researchers and educators conceptualizing learning in a way that

considers  different  levels  of  comprehension,  and  building  assessment  items that  tap  into  these
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different levels of comprehension. In addition, educators can draw on the insights afforded by the

proposed theoretical backbone to plan interventions that consider the several elements that make

up the complex process of learning from text, even if they decide to focus their attention further in

some of these elements. Educators can further strengthen and work on these different aspects when

developing pedagogical practices, to create more meaningful and effective science learning. To this

end, it can be very useful to frame interventions’ questions and tasks using the RAND framework,

which encompasses all these facets.

Additionally,  by  drawing  on  a  multidisciplinary  view  of  the  topic  at  hands,  the  proposed

theoretical dialogue may eventually encourage other kinds of dialogue and collaboration, namely

between different people and institutions who take an interest  in topics of  science learning and

literacy, and in the use of innovative tools such as narrative texts. Examples include, but are not

limited  to,  school  teachers,  museum  educators  and  other  science  communicators,  linguists,

psychologists (e.g., educational, cognitive, social), cognitive scientists, writers, and policy-makers.

However, it should also be noted that we do not mean to suggest that these are the only useful

theoretical frameworks to be considered when tackling the issue of the use of narratives in science

learning.  Rather,  we  propose  that  adopting  a  multidisciplinary  proposal  that  draws  on  different

aspects of literacy-based learning can prove valuable to address it.

Overall, the proposed theoretical backbone can be used in different and complementary ways to

grapple  with  the  challenges  of  science  learning,  aiding  in  the  designing  and  planning  of  future

research or educational interventions. This multidimensionality further underlines the importance of

grasping the different aspects of the learning process, which give rise to multiple narrative effects.

7.2.2. The importance of understanding the learning process to explain many narrative effects

Second, and in articulation with the first point highlighted, one of the major takeaways of the present

work is that it is crucial to build a better and more complete understanding of the learning process,

rather than merely focusing on its outcomes. Intimately connected to this idea is the proposal that

specific and multiple narrative  effects  should be investigated, rather than conceiving the benefits

afforded by narrative texts as a generalized or homogeneous effect.

Truth be told, we too started off this project enthusiastic with the idea of a relatively generalized

narrative effect, so we can recognise the appeal of this conception. However, the incorporation of

different  theoretical  frameworks,  combined  with  the  results  of  our  studies,  unequivocally  point

towards  a  more  nuanced  view  of  this  effect.  As  a  result,  any  observed  narrative  effect  should
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therefore be made up of specific interactions between the different facets of learning. It  becomes

clear  from  the  analysis  conducted  in  Chapter  2  that  previous  studies  had  already  exemplified

different conditions in which the effect appeared, or fell short of being observed; yet, ours was the

first work to more directly try to explain why this was the case, and offer a more specific proposal to

explain previous results and plan future interventions. As a research and educational framework, we

thus propose that it is necessary to specify with what (texts), with who (learners), when and where

(activities and wider context) these narrative effects occur. We believe this proposal can offer diverse

cues as to how educators may deal with this matter and tailor their practices using science narrative

texts  as  an  educational  tool.  It  also  lays  seeds  for  future  research  that  is  more  aware  of  the

complexity of this issue. In fact, as we underlined when summarizing our main theoretical findings,

even if researchers end up choosing to focus on specific aspects in detriment of others, they may

nonetheless actively recognise the aspects that are not being addressed, yet likely contribute to the

observed results. More comprehensive suggestions for future research can then be extracted.

As regards texts, there are many ways a narrative can be written, especially in terms of the

different, and at times conflicting, elements it may contain (e.g., fantasy vs. historical accuracy). The

problem is not the variety of narratives per se, which testifies to the creative nature of narrative (e.g.,

Bruner  &  Lucariello,  1989),  but  rather  the  fact  that  different  narrative  texts  may  interact  in

fundamentally  different  ways  with  learners,  activities  and  sociocultural  contents.  For  example,

processes like imagination, emotional involvement, or perspective-taking, to name a few, will likely

be elicited to different extents depending on the elements included in the narrative text. The same

applies to features of the learners themselves (e.g., while one learner may loathe science-fiction,

another may find it most stimulating), and also of the wider context in which the activity is taking

place  (e.g.,  some  elements  may  not  resonate  within  specific  cultures,  or  even  be  offensive).

Importantly, as regards learners, an important implication of the present dissertation is that narrative

texts can be used to teach science to young adults, which aligns with previous claims of a more

widespread use of  these materials  (e.g.,  Olson,  2015;  Luna,  2015).  It  remains  to  be ascertained

whether this use is limited to initial learning stages, as our findings mostly suggest, or can be used in

further stages of learning.

Future research may also investigate more thoroughly which particular narrative elements have

the potential to reach specific learners, and why, so that educators can draw on this information to

tailor their practices according to specific needs and proclivities. Complementarily, through the use

and continued exploration of  narrative texts as  science learning  tools,  educators  may find some

narrative elements to be particularly suited to stimulate interest, others to improve memory, and still
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others  to  approach a particularly  difficult  (or  boring)  topic.  In a related vein,  based on previous

studies and our own empirical results, it is important to consider that narrative texts can yield more

positive results than expository texts in outcomes such as interest, without these translating, at least

straight away, into enhanced learning.  This is not to say that educators should refrain from using

narrative texts in short interventions, but merely that memory and learning benefits may be more

noticeable in the long term. However, and importantly, the fact that learning may not improve in the

short-term (e.g., in one session), does not imply that it will not be improved in the long-term. As a

matter of fact, though our empirical results and previous studies show that narrative texts can afford

learning benefits in short-term interventions, our theoretical review indicated that they may prove

particularly beneficial in longer interventions (e.g., spanning several weeks). One of the reasons for

this  may be that increased interest  exerts a more substantial effect in the long term: Interested

learners will arguably engage more actively in the learning process, which may eventually improve

their learning. In addition, longer interventions may also offer an opportunity to attenuate potential

processing conflicts elicited by narrative texts (e.g., to entertain vs to learn), as there is more time to

accommodate and integrate different reading purposes, as well as to deconstruct associated learning

resistances (e.g., that narrative texts are not a “serious” learning tool). Notably, if the use of narrative

texts becomes more widespread and common, they will  become more familiar and cemented in

science learning settings,  further contributing to attenuating processing conflicts and resistances.

Nonetheless,  educators may still  find that some narrative elements generate trade-offs between

effects  (e.g.,  interest  vs  learning  accuracy),  which again  highlights  the importance of  adopting a

nuanced approach to the use of this tool, tailored to specific educational needs and aims.

Furthermore, our findings on the processes contributing to the learning outcomes afforded by

narrative texts are supportive of the notion that learning through science narrative texts may engage

some processes or features to a different extent than expository texts. This echoes long-standing

claims that narrative texts engage readers’ minds in specific ways (e.g., Bruner, 1986; Egan, 1997),

which may then improve learning. Of relevance, within our theoretical approach, was the finding that

general  literacy  knowledge  (e.g.,  familiarity  with  literary  authors)  contributes  to  the  observed

learning outcomes. Combined with the finding that various aspects can make similar contributions,

and with participants’ shared perception of the importance of further linking science knowledge with

other kinds of knowledge, daily life and contemporary matters, our findings encourage a diversified,

multidisciplinary-leaning,  take  on  science  learning.  Educators  may  integrate  different  aspects  to

create more meaningful science learning.
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Yet, there is still much to find out about the way science narrative texts are processed. As we

pointed out in the theoretical review from Chapter 2, there are many processes which have been

investigated using non-science narrative text, but not using their science-conveying counterparts.

Future research may take note of these hints, and even repeat some of these studies using science

narrative texts. Our findings hence highlight the relevance of combining educational practices with

cognitive investigation, as the latter has been considerably less examined in the literature of learning

science  from  narrative  texts.  In  our  understanding,  science educators  and  cognitive  scientists

represent two distinct epistemological stances, with different aims and priorities. Even though both

are interested in learning, many science educators cannot afford to focus on designing studies to

investigate how narrative texts engage specific processes. Instead, their aims will likely be born of

practical needs and focus on whether science narrative texts can help students change their thinking

and ideas regarding a science subject, within the context of wider educational practices. Narrative

texts are thus another tool meant to address general learning challenges by maximizing engagement

and learning, making difficult to draw conclusions on its more specific effects and the role they play

on generating learning outcomes. However, education and research can greatly benefit from going

hand in hand. For instance, translating practical needs into specific research questions can generate

new empirical studies, whose results can both help understand how science narrative texts work and

inform educators on how to adjust their practices. In this sense, drawing on the same theoretical

frameworks can be a way of building common ground and solid collaborations.

In sum, building on the idea of multiple narrative effects reveals the multidimensionality of the

process of learning science through narrative texts, and highlights the importance of understanding

and addressing different dimensions of this process. The human facet is of particular importance and

will be examined more closely in the next section.

7.2.3. Science education materials with a human facet

The humanness inherent to science narrative texts is an aspect that pervades all the Chapters of this

dissertation, and there is an overall convergence in terms of the salience of this feature in science

narrative texts. The mere fact that the science narrative texts yielded learning outcomes is arguably

linked to its inclusion of human elements. The narrative texts were built around scientists’ thoughts

and  actions,  and  so  the  science  contents  were  described,  and  consequently  learned,  in  tight

connection to these thoughts  and actions.  This  aspect  was given special  attention in Chapter  5,

enabling us to extract more comprehensive implications. These implications are not only particularly
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relevant for educators and researchers interested in building science narrative texts, but can also

guide selection and adaptation of these educational materials.

First, the fact that dedicating attention to descriptions of mental operations and movements in

the narrative text contributed to improve learning at different levels of comprehension indicates that

this  information  was  useful  for  integrating  and  understanding  the  science  contents.  This  is  an

important finding, as there are concerns that narrative elements might be distractive and end up

hampering learning (e.g., Garner et al., 1989; Hidi et al., 1982). Educators interested in using such

materials can thus take note of the importance of ensuring that narrative and scientific information

are tightly intertwined, something which had already been pointed out by other researchers (e.g.,

Arya & Maul, 2012; Lehman et al., 2007; Wolfe & Mienko, 2007).

Second, the fact that reading the narrative text triggered a series of thoughts on human action,

some of  which also  made  joint  contributions  to  learning,  has  important  theoretical  and  applied

implications. On the one hand, it establishes connections to a body of literature which has developed

important research on these processes using non-science narrative texts (e.g., Djikic et al., 2013; Mar

& Oatley,  2008; Oatley, 2016), but that is not mentioned in studies with science narrative texts,

despite their common focus on human-related aspects of narrative texts. Of note, while there are a

few mentions to “perspective taking” in works on the use of narrative texts in science education, to

the extent of our knowledge, concepts such as “attribution of intentions” and “theory of mind” are

seemingly absent. As such, this was the first time a measure of socio-cognitive ability was included in

a study on science narrative texts. In addition, given the shortage of theory of mind tasks targeting

normative adult populations, the inclusion of this task and its corresponding findings also offer a

more general contribution for studies interested in expanding their “theory of mind toolbox”.

On the other hand, it calls attention to the fact that thinking about human action can have a

positive impact on science learning. In the present case, we found thoughts related to taking the

scientists’ perspective and of immersion or transportation into the story, as well as the more general

ability of attributing intentions, to be particularly good predictors of learning score. These results

bring evidence to claims that science narrative texts prompt attention, interest, reflection, as well as

organisation and recall of knowledge (e.g., Arya & Maul, 2012; Hadzigeorgiou et al., 2012; Hong &

Lin-Siegler, 2012), specifically connecting depictions of human action and related thoughts on human

action to these various educational outcomes. Moreover, even though not all the thoughts on human

action participants engaged in had palpable effects on learning, the fact that they engaged in them is

in itself important and relevant for educators interested in using narrative texts in science education.

Of note, most of participants’ written responses on thoughts on human action were related to the
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scientist’s  struggles  and  his  defiance  of  social  conventions. This  result  is  in  line  with  previous

theoretical ideas and empirical evidence that such elements can engage readers (e.g., Arya & Maul,

2021;  Hadzigeorgiou et  al.,  2012;  Lin-Siegler  et  al.,  2016),  and thus indicate  that  narrative texts

including those elements can be particularly effective to capture readers’ attention. In addition, there

was seemingly some degree of overlap between thoughts on human action and participants’ interest

in the text. This suggests both that these processes likely feed off each other, but also that interest in

the text, thoughts on human action, and science learning, are not merely independent outcomes, but

are instead connected and, to some extent, interdependent. In fact, it indicates that narrative texts

encouraged participants to engage in a variety of thoughts related to human action, which may then

lead to other positive educational outcomes, and improve learning in the long run. Engaging in such

human-related processes may even yield more generalized positive social outcomes. For example,

previous  studies  have  found  that  engaging  in  processes  such  as  theory  of  mind  can  promote

empathetic and prosocial behaviours (e.g., Imuta et al., 2016; Mar & Oatley, 2008). Future research

should thus examine this issue using science narrative texts.

These findings are of great relevance for research, namely on the processes underlying learning

science from narrative texts, and have important implications for applied educational contexts and

practices.  Specifically,  findings  imply  that  this  kind  of  human-related  processes  should  be

encouraged, and perhaps even explicitly discussed with learners, when using science narratives to

teach science. A corollary of these results is that affective and socio-cognitive processes should not

be  estranged  from  science  learning;  in  fact,  these  different  and  apparently  opposed  modes  of

thought  (everyday/narrative  and  scientific)  can  be  connected  through  the  reading  of  science

narrative texts, a connection that can result in positive learning outcomes. They should therefore be

addressed and promoted together in rich and multidimensional learning environments.

In sum, by retrieving the humanness of science, science narrative texts have the potential of

bridging the gap between everyday thinking and scientific thinking, and between affective and socio-

cognitive aspects and science concepts. As science narrative texts may be used to further connect

learners to the wider social and cultural contexts, their impact can be further extended to more

encompassing societal levels and issues.

7.2.4. Science learning is a fundamentally social endeavour

The final major contribution of this work pertains to the relationship between science learning and

the  wider  social  and  cultural  context.  The  human  and  cultural  decontextualization  of  science
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contents  has  been  regarded  as  one  of  its  most  challenging  aspects  (e.g.,  Arya  &  Maul,  2021;

Solomon,  2002),  entailing  problems for  science  learning  and  for  the  perception people  have on

science more generally that can feed off each other. The present findings contribute to highlight the

importance of situating science in the wider social and cultural context in which it takes places.

Our  findings  (particularly  from Chapter  5)  suggest  that  human and  social  elements  became

salient in learners’  minds when reading a science narrative text,  even in the absence of  explicit

prompts.  This suggests that the science narrative text  encouraged readers to frame science as a

human and social activity, also known as humanising of scientific meaning (e.g., Egan, 1997). The

salience of wider social aspects is further cemented by the fact that participants tended to build their

human-related thoughts around the information that Pasteur made an important scientific discovery

going against contemporary chemists and pre-established ideas. Besides encouraging learners to feel

more connected and closer to scientists, these thoughts and framing can help build a more accurate,

socially  and  culturally-grounded,  image  of  the  nature  and  workings  of  science,  challenging

misconceptions that can be  damaging to learning  (e.g., that scientists are genius or that science is

based on unquestionable truths;  Allchin, 2003; Clough, 2011; Hong & Lin-Siegler, 2012). Historical

and discovery-based narratives, such as the ones we presented, may be particularly relevant in this

regard,  helping  educators  contextualize  science  within  a  wider,  and  more  human,  context.

Importantly, we found that the humanisation of meaning contributed to the learning of the science

contents  and  was  particularly  related  to  the  comprehension  of  key  ideas.  This  contribution  to

learning also presented overlap with the interest elicited by the text, once again highlighting how

learning outcomes and affective aspects of the learning activity are connected.

As such, the literacy-mediated tool of science narrative texts has the potential of retrieving social

and cultural dimensions of learning through reading (C. Morais, 2015; Morais & Kolinsky, 2021). This

potential assumes important epistemological implications, as many authors have pointed out how

cognitive psychology and educational psychology, core areas of the present work, have tighten its

connections to areas such as computation and artificial intelligence, overlooking its deep social and

cultural roots and determinants (e.g., Bruner, 2004; Morais & Kolinsky, 2021).

One way of retrieving this dimension is by investigating and incorporating people’s perceptions

of  these  processes.  Besides  addressing  individual  gaps  between everyday  thinking  and  scientific

thinking,  this  effort  has  the  potential  of  bridging  yet  another,  wider,  gap  between  science  and

people. As outlined in the introduction, lifelong science learning has a pivotal socially rooted role that

goes well beyond the limits of formal instruction, where science narrative texts have been chiefly

applied  and  investigated.  Concomitantly,  texts  maintain  an  important  role  in  more  widespread
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science communication in an increasingly digitalized world, such as through posts in social media,

popular science books, and museum plates (Negretti et al., 2022; Ravelli, 2007). It is therefore very

relevant that we determined that science narrative texts have a multilayered impact on lifelong

science learning.  These range from measurable learning outcomes, to encouraging a human and

social framing of science, to more generalized perceptions that their features make them particularly

useful in specific learning stages.

Importantly,  our  findings  suggest  that  narrative  texts  and  other  non-formal  tools,  such  as

museums, can have complementary roles in connecting people to science in the context of lifelong

science  learning.  This  idea  is  particularly  interesting  for  museum  educators.  On  the  one  hand,

narrative texts were perceived by participants as an efficient tool to bridge more individual gaps in

science  learning  (e.g.,  to  capture  interest);  on  the  other  hand,  museums  were  regarded  as

instrumental for connecting science and people (e.g., wider science communication). This entails a

potentially  powerful  combination: Museums can take advantage of narrative’s features to create

more inclusive science learning spaces for several different people and, in doing so, contribute to

bridge wider societal gaps between everyday and science thinking. A further implication of these

findings is that science learning should dialogue with people and consider their ideas and ways of

thinking. Most people will not get to think effectively in the scientific mode (Bruner, 1986; 1990) and

it does not help that science is predominantly portrayed as a decontextualized body of knowledge

that people are required to learn, instead of something relevant to their  cultures, knowledge, or

interests (Calabrese et al., 2003; Gilbert et al., 2005). Initiatives such as developing communities of

practice around specific topics, which have strong connections to narrative thinking and storytelling,

can be a way of connecting people to science knowledge in a way that is relevant to them (e.g.,

Jerónimo & Reis, 2016; Lave & Wenger, 1991; King et al., 2021). Thus, narrative texts can be a way of

bringing together and empowering groups of people, for instance by encouraging them to develop

and share narrative-based science materials.  This implication is  somewhat akin to citizen science

methodologies, whose potentialities have been increasingly focused (e.g., Van Haeften et al., 2020).

Crucially,  applying  this  set  of  measures  to  connect  people  to  science can in  turn have very

palpable and generalized effects in society at large. We currently deal with a polarization in people’s

response to science, and on one side of that polarization is a deep lack of trust in it (e.g., Achterberg

et al., 2017; Li & Qian, 2022). This lack of trust is often fuelled by lack of understanding of science and

of the scientific process (e.g., Kreps & Kriner, 2020; Scheufele & Krause, 2019), and entails a myriad

of societal dangers. Two very familiar examples are the effects on individual and social behaviours

regarding the ongoing COVID-19 pandemic, and vaccination more generally (e.g., the idea that there

178



is causal link with autism), and climate change. However, there are other examples. One comes in the

form of policies directed at reducing transgendered people’s  rights (e.g.,  bathroom bills,  medical

discrimination), therefore endangering their lives. The groups behind these policies often claim to

base their  arguments in “biology”,  when, in reality,  they are not up to date with the non-binary

quality of human biology (e.g., de Vries & Södersten, 2009; Joel et al., 2015; Wilhelm et al., 2007).

Another example is believing that the earth is flat. While they might seem harder to fully grasp at

first  sight,  the  wider  psychological  and  social  consequences  of  holding  this  set  of  beliefs  were

eloquently  described  in  a  article  from the  Atlantic  magazine:  “Conspiracy  theorists  can  fall  into

vicious cycle of alienation and acceptance, pulling them away from society at large and further into

the  circle  of  believers”  (Weill,  2022).  It  is  imperative  to  underline  that  distrust  in  science  and

reluctance  in  acquiring  scientific knowledge is  often deeply  intertwined  with  social  and political

ideology, and should therefore be tackled and understood in this wider context. In this sense, dealing

with  the  problem  of  distrust  in  science  is  a  bilateral  process:  People  and  groups  have  the

responsibility of questioning the limitations and dangers of their beliefs, but science also needs to

become  more  approachable  and  consider  people’s  needs  (Douglas  et  al.,  2017)  and  different

epistemological  stances,  or  narratives (A.  Costa,  2021).  As  such,  narrative  texts  are  the  perfect

candidate to increase connections between different personal and collective narratives and science.

Our  findings  thus  underline  that,  even  when  topics  pertain  to  chemical  components  or

arithmetic operations, science is a fundamentally social and cultural practice. While it is important to

address individual gaps, such as connecting people to science materials and improving their learning,

it is also important to further connect science to people and increase its relevance and reach. Being a

familiar  and  pervasive  instrument,  narrative  texts  can  thus  help  retrieve  the  social  and  cultural

component of science and, when coupled with other tools such as museums, help people connect

with science topics on a wider social scale, generating more widespread social impact.

7.3. General limitations of this work

Even though our findings offered novel and important insights into the topic of learning science using

narrative texts, it is also important to point out some of the limitations of the present work.

One  potential  limitation  of  the  present  work  actually  resides  in  one  of  its  more  appealing

aspects: Its “kaleidoscopic” approach. The fact that we used several different lens (both in terms of

theoretical ideas and methodological approaches) to tackle our topic of interest, endows the work
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with a wide scope and with several different kinds of  evidence and reflections.  However,  it  also

necessarily  entails  that it  was not possible,  in due course, to delve deeper and focus on certain

aspects, or on “each lens”. The fact that we first needed to develop the science learning materials,

through a series  of  pretests  detailed in  Chapter  3,  further  contributed to this  limitation,  as  this

process  was  quite  time-consuming.  This  limitation  is  echoed  by  other  authors,  who  claim  that

developing  narrative  texts  that  teach  scientific  concepts  in  an  appropriate,  interesting,  and

condensed fashion is a demanding and laborious endeavour (e.g., Hadzigeorgiou, 2016; Kerby et al.,

2018).

Another potential limitation regards the kind of participants involved in the studies, namely the

fact that they were not completely estranged from science. In Chapter 4 it was difficult to ensure that

all participants had as little contact with science as possible. Many participants had studied science in

high-school,  and  some  had  subjects  involving  mathematics/statistics  or  biology  in  their  present

undergraduate courses. On the one hand, this ensured some level of variability in the results, which

is  important for statistical  reasons.  On the other hand, it  would have been interesting to either

include a sample of students with virtually no contact with science, or to include several levels of

contact. However, this would have added yet another layer of complexity to an already laborious and

complex study. Similarly, in Chapter 6, it would have been interesting to include people which did not

enjoy science in the discussion, but as pointed out in that Chapter, it would have been more difficult

to ensure, as these people will not likely wish to spend their free time talking about science. At any

rate, these limitations reflect a more general limitation of scientific studies, which often are unable to

ensure a wide scope of inclusion.

Additionally, although we had initially planned to conduct studies with school children and/or

adolescents, we ended up deciding to focus on young adults, a relatively understudied population in

the topic at hands. While this is not a limitation it  itself,  it  is something worth examining in the

future. Indeed, even though these younger populations have been quite studied in the context of

learning science through science narrative texts, this is not yet the case in Portugal.

Another limitation, that relates to this more global potential limitation of scientific practices, is

the fact that we did not include a wider discussion with students examined in the studies of Chapters

4 and 5, beyond taking part in a series of experimental tasks and having their learning assessed.

Narrative texts are claimed to facilitate collective discussions on science topics (e.g., Dinsmore et al.,

2017; Solomon, 2002), and this active engagement and discourse can be an important foundation of

scientific literacy, one of our main concerns and interests in the present work. In this sense, the

topics we selected were not very familiar or dealt with pressing matters (e.g., current social issues),
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which would have made more difficult to generate such discussions and reflections among students.

The fact that the topics were unknown filled an experimental purpose aligned with our aims, and, in

turn, our aims were not particularly directed at generating discussions, but it is still relevant to point

this out, as it relates to our more general aim of tackling challenges in the development of scientific

literacy and can inspire future studies to address these issues.

As for the learning materials themselves, they were perhaps a bit more challenging than we

would have initially hoped. In addition, we did not include a more diverse range of learning items,

such as tasks assessing more physical  applications (e.g.,  draw or build/mount something),  which

were something discussed in the beginning of the project. One way of tackling this kind of difficulties

in future studies is by involving students in the conception and development of learning items. For

instance, an independent group of students (i.e.,  not taking part in the main studies) could have

taken part in these tasks. This would have a double effect: The students from the main studies would

complete learning items more akin to their ways of thinking and thus potentially more engaging and

relevant for them, whereas the students developing these materials would still be part of science

learning experience, akin to citizen science projects or communities of practice.

A further limitation of the present work pertains to the limited predictive power of our proposed

theoretical framework. Whereas social science strives for the development of models which enable

behavioural predictions, and it would undoubtedly be useful, for instance for designing and tailoring

educational  practices  according  to  specific  needs, our  proposed  theoretical  dialogue  is  mostly

descriptive.  It  provided  a  mapping  from  which  to  interpret  evidence  and  plan  research  and

educational  interventions,  but  not  to  predict  specific  effects  based  on  the  combination  of  its

described features. On the one hand, this lack of predictive power stems from the lack of current

knowledge on the processes that underlie learning from science narrative texts, as this prevents us

from understanding how these tools work. On the other hand, however, we consider that the lack of

predictive power also derives from our multidisciplinary approach: Acknowledging the multi-layered

complexity of  these learning phenomena should create a trade-off with the ability  to predict  its

effects, at least to some extent. 

Lastly, the lack of wider learning context likely influenced the learning process and its outcomes,

perhaps hindering them to some extent. This is true both of the laboratory studies from Chapters 4

and 5 and the focus-group study from Chapter 6, the latter which had to take place online instead of

in the museum. Even though the former filled experimental purposes and the latter had the silver-

lining of bringing a learning activity to people’s homes during confinement, this limitation still needs

to be acknowledged. Learning is a slow-burn process, requiring time, continuity, and integration with
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other information and processes taking place in our lives. As such, we likely merely accessed a tiny

fraction of the potential outcomes of using narrative texts as science learning tools. However, instead

of  focusing  on  the  limitations  this  absence  poses,  we  may  choose  to  see  the  unforeseen

opportunities and possibilities it leaves room for, and use it as an inspiration to continue exploring

this tool.

7.4. Concluding remarks

Throughout this project,  I  was often haunted by a relentless idea.  I  was afraid that participants,

having low prior knowledge in science, would feel that their level of knowledge or intelligence was

not “good enough”, and that they would feel frustrated, or even anguished, as a result of taking part

in my studies. This was, to some extent, confirmed by the comments of some participants, although

many did not feel this way, or at least not to extent of feeling compelled to share it (and what a relief

that was!). Yet, this idea and the uneasiness that accompanies it, was not new to me; in fact, it is

deeply entrenched in my path. I had felt it while working as an explainer in a science museum, and as

a cognitive tutor. Most importantly, I had felt it long before that, throughout my life, with my own

self  and  my learning  processes.  Formal  and  natural  sciences  have  this  impact  on  many  people,

making  us  doubt  our  abilities,  and  putting  scientists  on  a  pedestal.  And,  sometimes,  narratives

reinforce these ideas, with common tropes and stereotypes that we see time and time again in films

and TV shows. And then life imitates art, and art imitates life.

Some weeks ago, I  finished reading a tale by Ted Chiang, “Stories of your life”. This science

fiction tale draws on concepts from linguistics, with which I feel comfortable with, given by a linguist

(a woman), but, crucially, it also draws on concepts from physics, given by a physicist (a man). At a

certain  point,  I  was  struggling  to  understand  Fermat’s  principle,  namely  because  of  its  use  of

teleological language, which to me felt very weird and counter-intuitive, even counter-scientific. And

this had not been the first time I  had a similar reaction to explanations from formal and natural

sciences.  In fact, as you may recall,  I did a whole PhD project on it. And yet, my first reaction was

again to assume I was the one “not getting it”, most likely due to my own intellectual shortcomings.

And this is what I feared my participants would feel as they read the texts I wrote and completed the

learning measures I developed. I did not want to evoke in them the same uncomfortable feelings, I

did not want to be yet another snobby academic making other people  question their intelligence

and, by extent, their worth. We should not be afraid of having doubts, of questioning science’s ideas
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and language. This is what rigidity of thinking looks like, it is what authoritarianism feeds on. And I

truly believe these fears and cognitive dissonances help fuel many of the major social and political

upheavals we are now witnessing in all its splendor. It generates a sense of asymmetry, jeopardizes

the motivation to find common ground, and, thus, of making a concerted effort to create effective

change.

And then, some pages later, something wonderful happened: The linguist, who was obviously a

very bright woman, nonetheless told the physicist that she was struggling with the same diffulty as I.

I immediately felt my doubt was valid, that I should not question my intelligence based on it, the

same way I was not questioning the linguist’s intelligence. And this is the power of stories, and why I

candidly believe stories are powerful instruments of change. Like Bruner, I endorse the view that

“’world making’ is the principal function of mind, whether in the sciences or in the arts” (1991, p.

691). Stories are not mere instruments for representing reality, it is through them that we imagine

new realities and begin transforming the present reality to create them. And so, it is not enough to

use stories to talk about the present world. We need to consider how we tell those stories, who we

include in them, the purpose of telling them. And this is why science can never be neutral, because

its stories are deeply intertwined to all the other stories we tell, to the broader act of storytelling

itself. Stories about science cannot be extricated from the wider world: They are made by human

hands and seen by human eyes, the world is a web of stories, a matrix of events with a common

narrative thread.

And If we can change the way we tell stories, the agents we include in them, the reasons why we

tell them, then maybe there is hope. Maybe we can change the world.
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Annex A: Chapter 4

Table A1. Final Criteria for Developing the Materials (Texts and Corresponding Learning Measures)

Materials Criteria

Texts

1) Each text should focus on one topic, and a few corresponding subtopics/concepts, from one science field;

2) Balance quantity and complexity of contents: they should be challenging but accessible;

3) It should be clear which ideas are central, and they should be well connected to each other;

4) Avoid accessory details and unnecessary complexity that may obscure the main ideas and interfere with learning; critical – to be learned – information should be

novel (i.e., low prior knowledge);

5) The narrative versions will focus on relevant scientists’ actions, so sufficiently detailed information about these scientific actions must be available in external sources;

6) Refrain from fictionalizing contents and using discursive strategies such as direct discourse and exclamation marks;

7) The scientists’ actions must involve practical or experimental procedures (i.e., not only theoretical/reasoning-based) and be intertwined with the story’s development

as much as possible (e.g., Fisch, 2000; Glaser et al., 2009).

Learning

measures

8) It must be possible to build questions at all the contemplated comprehension levels;

9) The questions should be sensible to the fact that participants are reading and thinking about most of the text’s contents for the first time;

10) Questions should be formulated in a simple and direct way, with the possibility of writing key words for the comprehension of the question in bold or underlined.
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Table A2. Psycholinguistic Parameters Controlled for in the Main Study’s Texts

N WRD N SNT N PAR N WORD/ SNT WRD LNT WRD FREQ N SUB PAR

M SD M SD M SD M SD

Math NT 785 25 6 31.96 9.81 5.31 3.22 2.70 1.42 15.83 5.42

Math ET 780 26 6 30.31 9.88 5.21 3.37 2.78 1.39 7.33 4.93

Chemistry NT 785 27 7 29.04 12.13 5.34 3.12 2.62 1.50 11.0 3.79

Chemistry ET 783 24 7 32.92 12.27 5.36 3.28 2.67 1.45 8.71 3.50

F(3, 2840) = 1.35, p
= .257

F(3, 3113) = 0.33, p
= .807

F(3, 98) = 1.62, p
= .605

F(3, 22) = 4.36, p
= .015

Note.  N WRD: number of words,  N SNT:  number of sentences,  N PAR:  number of paragraphs;  N WORD/ SNT:  number of words per sentence;  WRD LNT:  word length;  WRD FREQ: word

frequency;  N SUB PAR: number of  subordinate  clauses per paragraph.  The respective count or  mean and standard deviation values are presented.  There were no differences in word

frequency, word length, and number of words per sentence (all p’s > .257). The Math NT had significantly more subordinate clauses (M = 15.83, SD = 4.42) than both the Math ET (M = 7.33, SD

= 4.93, p = 0.02) and the Chemistry ET (M = 8.71, SD = 3.5, p = 0.05).
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Table A3. General Scoring Guidelines Used in the Main Study

Score Evaluation Criteria Example

0 No response or response is incorrect (a)  I  do not  remember  (b)  I  think I  would not  be able to analyse those characteristics  using the
polarimeter, seeing that there are other methods/procedures to do so.

25% There is a correct idea a) One just has to direct the polarimeter, in a place with light, towards a crystal because the latter
reflects polarized light. b) I do not know

50% It is more incomplete or there are more/bigger imprecisions a) It is a device that can emit a directed light beam. b) No, using this device one could just observe
the direction that light takes after hitting the compounds

75% There is an important element missing, a huge imprecision, or the 
explanation is not clear

One must project the polarized light into the crystal and verify the direction in which the light that
comes through the crystal is deflected. It shows the side to which and the way in which the molecules
are  connected  among themselves,  therefore  we  can  understand  more  about  their  chemical
composition

100% The response has all required elements and they are completely 
correct or with minor imprecision

(a) One must project the polarized light into the crystal to observe the deviation that it causes (b) It
only provides information on the molecular structure, different light deflections, or no deflection at
all, indicate different molecular structures

Note. This general logic was adapted to the features and requirements of each level of comprehension and of each specific question (except to multiple-choice questions, which were only

scores as completely correct or completely incorrect. Full scores could be 1, 3 or 4 (not 2 because all L2 questions were multiple-choice). An example of scoring translated from the Portuguese

original is provided, using a L3 question from Chemistry. The question stated: “The polarimeter is an instrument that can be used to analyze crystals. Chemical composition and molecular

structure are two characteristics from crystals that can be analyzed.  a) Explain how to perform analyses using a polarimeter  b) These analyses provide information about the chemical

composition and the molecular structure of crystals? Explain why.
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Table A4. Contact with Natural and Exact Sciences in Formal Education

High School University

Level A Social Science /Humanities/Arts Social Science /Humanities/Arts

Level B Social Science/Humanities/Arts Psychology
Business/ Sports/Informatics

Socioeconomics
Science & Technology

Social Science /Humanities/Arts

Level C Socioeconomics
Science & Technology

Psychology
Business/ Sports/Informatics

Note. The areas from which participants graduated high school and university from were combined to create three different

levels of gradually higher contact
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Table A5.  Variables that Were Removed from the Independent Models due to Lack of Significant

Effect

Removed Variable(s) Test Statistics

Contact with Literacy TIL (proportion of correct responses) estimate = 0.21, SE = 0.2, t(114.58) = 1.02, 
p = .311, 95% CI [-0.2; 0.61]

Quantity of books read in the last year F(4, 114.58) = 1.25, p = .295

Science Background Prior knowledge of the Chemistry texts’ 
topics

estimate = -0.05, SE = 0.9, t(115.43) = -
0.62, p = 0.539, 95% CI [-0.23; 0.12]

Prior knowledge of the five science topics estimate = 0.03, SE = 0.06, t(115.43) = 
0.53, p = .596, 95% CI [-0.09; 0.15]

Evaluative and Motivational 
Attitudes

Search of information about the Math and 
Chemistry fields

estimate = -0.01, SE = 0.02, t(115.36) = -
0.53, p = .596, 95% CI [-0.06; 0.04]

Note. When variables are continuous or have two categories, t test values are presented. When variables have more than

two categories, F test values are presented.
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Table A6. Summary of Results of each Covariate Variable in the Four Independent Models

Model Covariates Values Test Statistics

Sociodemographics

Age Mean values estimate = 0.01, SE = 0.1, t(118.55) = 0.6, p = .55, 95% CI [-0.01; 0.03]

Gender Two categories estimate = -0.04, SE = 0.04, t(118.59) = -1.01, p = .285, 95% CI [-0.12; 0.04]

Household educational
level

Up to 9th grade Two categories estimate = -0.02, SE = 0.01, t(1638.84) = -1.32, p = .186, 95% CI [-0.05; 0.01]

Up to high school Two categories estimate = -0.00, SE = 0.01, t(1641.56) = -0.24, p = .812, 95% CI [-0.03; 0.02]

Household Income level Mean values estimate = -0.01, SE = 0.01, t(1608.31) = -1.21, p = .223, 95% CI [-0.02; 0.0]

Contact with Literacy ART d’ score Mean values estimate = 0.08, SE = 0.03, t(119.59) = 3.01, p = .003, 95% CI [0.03; 0.13]

Science Background

Level of formal science education Three categories F(2,116.28) = 5.67, p = .004

Prior knowledge of the Math texts’ topics Mean values estimate = 0.08, SE = 0.02, t(117.39) = 3.06, p = .003, 95% CI [0.03; 0.13]

SRT d’ score Mean values estimate = 0.07, SE = 0.03, t(117.39) = 2.21, p = .029, 95% CI [0.01; 0.13]

Evaluative and Motivational
Attitudes

Enjoyment of the Chemistry and Math fields Mean values estimate = 0.04, SE = 0.02, t(116.27) = 2.20, p = .030, 95% CI [0.00; 0.08]

Interest in the Math text Mean values estimate = 0.03, SE = 0.01, t(116.27) = 2.89, p = .005, 95% CI [0.01; 0.06]

Interest in the Chemistry text Mean values estimate = 0.05, SE = 0.01, t(116.27) = 4.66, p < .001, 95% CI [0.03; 0.08]

Need for Cognition questionnaire Mean values

estimate = 0.08, SE = 0.03, t(116.27) = 2.97, p = .004, 95% CI [0.03; 0.13]

Note. When variables are continuous or have two categories, t test values are presented. When variables have more than two categories, F test values are presented.
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Table A7. Main Effects and Interaction Results in the Independent Models whose Covariate Variables Predicted Learning

Covariate Main Effect of Text Type Main Effect of Topic Main Effect of Session Main Effect of Level of
Comprehension

Text Type by Topic
Interaction

Text Type by Topic by
Level of

Comprehension
Interaction

Contact with
Literacy

F(1, 1682.66) = 20.38, p
< .001

F(1, 1682.55) = 19.07, p
< .001

F(1, 1653.83) = 28.19, p
< .001

F(3, 771.92) = 91.23, p < .001 F(1, 121.99) = 3.62, p = .059 F(9, 524.15) = 9.66, p
< .001

Science Background
F(1, 1681.44) = 20.42, p

< .001
F(1, 1681.72) = 18.96, p

< .001
F(1, 1655.23) = 28.14, p <

.001
F(3, 771.89) = 90.97, p

< .001
F(1, 119.1) = 3.52, p

= .063
F(9, 528.22) = 9.66, p

< .001

Evaluative and
Motivational

Attitudes

F(1, 1676.16) = 20.36, p
< .001

F(1, 1676.30) = 18.86, p
< .001

F(1, 1658.59) = 28.38, p <
.001

F(3, 776.33) = 91.56, p
< .001

F(1, 119.7) = 6.9, p = .010 F(9, 506.79) = 9.67, p
< .001

Note. F tests are presented for each main effect and interaction effect.
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Table A8. Differences in the Results of Covariate Variables Between Text Types

Covariate NT ET

SRT d’ score estimate = 0.07, SE = 0.03, t(113.79) = 2.13,

p = .035, 95% CI [0.01; 0.14]

estimate = 0.06, SE = 0.03, t(114.86) = 1.8, 

p = .073, 95% CI [-0.01; 0.12]

Enjoyment of the

Chemistry and Math

fields

estimate = 0.05, SE = 0.23, t(113.49) = 2.21 

p = .029, 95% CI [0.01; 0.1]

estimate = 0.04, SE = 0.02, t(115.13) = 1.51, 

p = .133, 95% CI [-0.01; 0.08]

Note. t test values are presented for each covariate variable effect.
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Annex B: Chapter 5

Table B1. Scoring Guidelines for Evaluating Engagement in the Four ToM-Related Processes

Score Level Meaning

0 No reported engagement: Participants rated their engagement in the process as 
below 3 or provided no written answer

1 Ambiguous engagement: It is unclear whether there is an attempt to engage in 
the process; responses are very tied to the formulation of the item (i.e., 
recapitulation) or to science contents

2 Tentative/Low engagement: There is some level of engagement in the process

3 Clear engagement: There is a clear engagement in the process, with at least one 
accompanying instance or example

4 High engagement: Engagement is clear and more detailed (e.g., more than one 
example; linking different ideas; embedded in a deeper explanations)
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Table B2. Scoring Guidelines for Evaluating the Level of Humanisation of Meaning in Participants 

Responses to Open-Ended Questions

Score Level Meaning

0 No response: No response is provided

1 Science content level: The response only refers to scientific contents

2 Human level: The response mentions Louis Pasteur but keeps to the 
contents of the text

3 Social level: The response makes extra-text connections, such as 
linking the science contents or Pasteur to society at large, or extracts 
higher-level appraisals based on Pasteur’s actions
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Table B3. Results of Exploratory Correlation Analysis Between Second Pass Dwell Time in Mental AoIs

and Sensorimotor AoIs and Levels of Comprehension

Gaze Measure Level of Comprehension Correlation Result

Second Pass Dwell Time on Mental AoIs L1 r(42) = .425, p = .004

L3 r(42) = .328, p = .030

Second Pass Dwell Time on Sensorimotor AoIs L1 r(42) = .416, p = .005

L3 r(42) = .340, p = .024

Note. Only significant results are reported.
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Table B4.  Example of Responses to one ToM-Related Item (Perspective-Taking), for each Level of

Score

Participants’ Response Score

“Louis Pasteur wanted to assert his perspective.” 1

“I tried to imagine what Pasteur was seeing, when he was doing the 
microscope experiment, despite not knowing the shape of the crystals.”

2

“I did not try very hard to see things from Pasteur's perspective, but, in the
part of the text where he decides to redo the experiment, I thought that if 
it was me, I would have persisted too, to really understand why it happens 
“

3

“I tried to imagine that Louis was discovering what had not yet been 
discovered around me to understand the difficulty of reaching such a 
conclusion, and then I tried to imagine what it would be like if I had been 
able to reach it, as Louis did.”

4
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Table B5. Examples Responses to Each of the Four ToM-Related Items that Denote High Engagement

ToM-Related Item Participants’ Response Score

Transportation “I  imagined  a  small,  dimly  lit  room,  almost  like  a
basement  with  only  one  window.  A  small  night-light,
many shelves with lab material, test tubes, flasks, etc.”

1

Perspective-Taking “I imagined myself as a person from that era, without 
current knowledge, curious about how the things that 
were being studied at that time worked, intrigued about 
how different compounds act in different ways, happy/ 
proud in a way because I could have found something 
new to contribute to society.”

2

Cognitive ToM “Louis  Pastor  questioned  himself  about  a  new  (in  his
time) parameter for the evaluation of chemical elements,
since he  was  faced with  a  situation  that  intrigued him
about the possible molecular organization/structure that
would  differentiate  chemical  elements  with  the  same
degree of solubility and atomic weight, going against the
belief,  at  the time,  that  if  these  aspects  of  a  chemical
element were the same, the structure would also have to
be  the  same.  Louis  intended,  therefore,  to  innovate
within  chemistry  and  obtain  new  answers,  to  expand
humanity’s knowledge in this field. “

3

Affective ToM “I think he felt joy, fun, a little satisfaction that he had
gotten to where no one else could at that time, and he
may have felt a little sadness as well, because the mystery
had come to an end.”

4
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Table B6. Example of Responses to the Two Open-Ended Questions, for each Level of Scoring

Question Participants’ Response Score

Humanising Main

Ideas

“different compounds react in different ways to the incidence of

light”

1

“A chemist discovers that a given crystal did not have the 

composition that others believed.”

2

“That  the scientist  did  not  let  himself  be  taken by  what  was

already known and was ambitious enough to disagree with what

was  known  to  the  scientific  community  and  searched  for  an

answer that would satisfy him. I also got,  that, were it not for

this ambition that motivated him and many other scientists in

their pursue for answers, many theories that exist today would

not exist. Finally, I conclude that science is not something exact,

but rather something that is constantly changing.”

3

Humanising

Curiosity

“I found it very curious and I think I’d like to see a video, or a

visual representation, of the experiments he did”

1

“How did the question come to be?” 2

“How  were  the  other  researchers/scientists  react  after  they

heard  that  Louis  was  able  to  successfully  complete  his

theory/research?”

3
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Table B7. Total Variance Explained by the Components

Component

Initial Eigenvalues Extraction Sums of Squared Loadings
Rotation Sums of
Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative % Total

1 3.858 38.578 38.578 3.858 38.578 38.578 3.11

2 1.987 19.866 58.445 1.987 19.866 58.445 1.85

3 1.236 12.356 70.801 1.236 12.356 70.801 2.794

4 .956 9.559 80.359

5 .597 5.971 86.331

6 .478 4.778 91.109

7 .4 4.001 95.11

8 .249 2.485 97.595

9 .146 1.464 99.059

10 .094 .941 100
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Table B8. Pattern Matrix

Component

1 2 3

Degree of transportation .801

AI correct RT .738 -.333

Rating of transportation .699

Rating of perspective-taking .676 .3

Degree of perspective-taking .638 .332

Humanising curiosity .87

Humanising main ideas .824

Rating of affective ToM .911

Degree of affective ToM .903

Degree of cognitive ToM .593

Note. Rotation converged in 17 iterations.
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Table B9. Structure Matrix

Component

1 2 3

Degree of transportation .828

Rating of transportation .78 .333 .406

Rating of perspective-taking .761 .473

Degree of perspective-taking .751 .368 .505

RTs in correct AI .623

Humanising curiosity .867

Humanising main ideas .828

Rating of affective ToM .908

Degree of affective ToM .891

Degree of cognitive ToM .414 .654
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Table B10. Combined Effects of Attention to and Thoughts on Human Action When Other Gaze Measures Are Entered (Instead of Number of Regressions to

Mental AoIs)

Measure of 
Thoughts on 
Human Action

Gaze Measure Effect of Level of Item Effect of Measure of Thinking About Human
Action

Effect of Gaze Measure

Simulating Other 
Points of View

Number of Regressions to 
Sensorimotor AoIs

F(3, 50.12) = 14.8, p < .001 estimate = 0.08, SE = 0.03, t(38.97) = 2.78, p 
= .008, 95% CI [0.02; 0.13]

estimate = 0.38, SE = 0.13, t(38.97) = 2.93,  p 
= .006, 95% CI [0.12; 0.63]

Second Pass Dwell Time in 
Mental AoIs

F(3, 50.53) = 14.76, p < .001 estimate = 0.08, SE = 0.03, t(38.87) = 3, p = .005, 
95% CI [0.03; 0.14]

estimate = 0.01, SE = 0.0, t(38.87) = 3.36, p = .002,
95% CI [0.0; 0.01

Second Pass Dwell Time in 
Sensorimotor AoIs

F(3, 50.28) = 14.46, p < .001 estimate = 0.08, SE = 0.03, t(38.83) = 2.91, p 
= .006, 95% CI [0.02; 0.14]

estimate = 0.01, SE = 0.0, t(38.83) = 3.15, p = .003,
95% CI [0.0; 0.01]

Humanising 
Science

Number of Regressions to 
Sensorimotor AoIs

F(3, 48.65) = 15.73, p < .001 estimate = 0.05, SE = 0.03, t(39.88) = 1.52, p 
= .137, 95% CI [-0.02; 0.12]

estimate = 0.31, SE = 0.03, t(39.88) = 2.21, p 
= .033, 95% CI [0.03; 0.59]

Second Pass Dwell Time in 
Mental AoIs

F(3, 48.78) = 15.78, p < .001 estimate = 0.05, SE = 0.03, t(39.88) = 1.52, p 
= .138, 95% CI [-0.02; 0.11]

estimate = 0.01, SE = 0.0, t(39.88) = 2.48, p = .017,
95% CI [-0.0; 0.01]

Second Pass Dwell Time in 
Sensorimotor AoIs

F(3, 48.72) = 15.52, p < .001 estimate = 0.04, SE = 0.03, t(39.95) = 1.44, p 
= .157, 95% CI [-0.02; 0.11]

estimate = 0.0, SE = 0.0, t(39.95) = 2.26, p = .029, 
95% CI [0.0; 0.01]
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B11.  Additional  Correlation  Analysis  Between  Attribution  of  Intentions  and  Attention  to  Human

Action

As an additional test, we examined whether we could tap into the specificity of attributing intentions,

as measured by RTs correct AI. To do this, we compared whether different measures from the comic-

strip  task  that  involved  human  characters  established  different  correlations  with  measures  of

attention to human action in the text. This comparison would provide us with a sense of the strength

of  the specificity  of  the process of  attributing intentions,  as compared to the mere presence of

characters.

The used measures from the comic-strip task were RTs on correct AI, the aggregated correct RTs

on trials with character (i.e., average of AI and physical causality with character trials; henceforth,

aggregated character RTs), and the difference between RTs on correct AI and RTs on correct physical

causality with character trials (henceforth,  difference character RTs). The measures of attention to

human action used were the number of regressions to mental AoIs and the number of regressions to

sensorimotor AoIs. The number of regressions to mental AoIs did not significantly correlate with any

of the comic-strip measures (RTs in correct AI: r(42) = .163, p = .29; aggregated character RTs: r(42)

= .18,  p = .243; difference character RTs:  r(42) = -.008,  p = .96).  A similar pattern of results was

observed with the number of regressions to sensorimotor AoIs (RTs in correct AI:  r(42) = .122,  p

= .43; aggregated character RTs: r(42) = .118, p = .447; difference character RTs: r(42) = .054, p = .73).
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Table B12. Summary of Effects When each Ancillary Measure is Separately Entered as Covariate in the Model of Combined Effects of Attention to and

Thoughts on Human Action

Effect of Level of Item Effect of Simulating Other Points of
View

Effect of Number of Regressions to
Mental AoIs

Effect of Ancillary Measure

Science Background (SRT) F(3, 51.790) = 15.42, p < .001 estimate = .07, SE = 0.02, t(38.59) = 
3.01, p = .005, 95% CI [.02; .12]

estimate = .31, SE = 0.08, t(38.59) =
3.98,  p < .001, 95% CI [.15; .46]

estimate = .08, SE = 0.03, t(38.59) =
3.23, p = .003, 95% CI [.03; .13]

Contact with Literacy 
(ART)

F(3, 51.98) = 15.42, p < .001 estimate = .07, SE = 0.02, t(38.37) = 
2.78, p = .008, 95% CI [.02; .12]

estimate = .3, SE = 0.08, t(38.37) = 
3.8, p = .001, 95% CI [.14; .45]

estimate = .1, SE = 0.03, t(38.37) = 
3.18, p = .003, 95% CI [.03; .16]

Motivational Attitudes 
(Interest in the Text)

F(3, 51.24) = 15.49, p < .001 estimate = .06, SE = 0.03, t(37.9) = 
2.21, p = .033, 95% CI [.01; .12]

estimate = .33, SE = 0.08, t(37.9) = 
4,  p < .001, 95% CI [.16; .5]

estimate = .05, SE = 0.02, t(37.9) = 
1.9, p = .065, 95% CI [-.00; .1]

Note. When variables are continuous or have two categories, t test values are presented. When variables have more than two categories, F test values are presented.
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Table B13. Summary of Effects When each Ancillary Measure is Separately Entered as Covariate in the Model of the Effects of Humanising Science

Effect of Level of Item Effect of Humanising Science Effect of Ancillary Measure

Science Background (SRT) F(3, 49.04) = 15.66, p < .001 estimate = .06, SE = 0.03, t(40.32) = 1.95, p 
= .059, 95% CI [-0.0; .11]

estimate = .09, SE = 0.03, t(40.32) = 3, p = .004, 
95% CI [0.03; .15]

Contact with Literacy (ART)
F(3, 49.48) = 15.56, p < .001 estimate = .06, SE = 0.03, t(40.21) = 2.1, p 

= .042, 95% CI [0.0; .11]
estimate = .12, SE = 0.03, t(40.21) = 3.41, p 
= .001, 95% CI [0.05; .19]

Motivational Attitudes 
(Interest in the Text)

F(3, 48.36) = 15.66, p < .001 estimate = .04, SE = 0.03, t(39.71) = 1.39, p 
= .174, 95% CI [-0.02; .11]

estimate = .05, SE = 0.03, t(39.71) = 1.6, p 
= .116, 95% CI [-0.01; .1]

Note. When variables are continuous or have two categories, t test values are presented. When variables have more than two categories, F test values are presented.
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Table B14. Comparison of the Number of Regressions to Mental AoIs and to Sensorimotor AoIs

M SD Test Statistic

Mental AoIs 0.52 0.34

t(49) = 2.83, p = .007

Sensorimotor AoIs 0.44 0.23
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B15. Discussion of Supplementary Results

As can be seen in Table B12 (p. 232), most ancillary measures yielded significant results on learning,

despite  concurrent  significant  effects  of  variables  more  closely  related  to  the  processing  of  the

learning materials (number of regressions to mental AoIs, Item Level). On the one hand, the fact that

Item Level, the number of regressions to mental AoIs, and Adoption of Other Points of View were

significant attests to the robustness of these effects.

On the other hand, these findings show that more general contact with science and literature

had a robust impact on learning, explaining something about the scores that neither of the variables

related to the processing of the materials and ToM-related processes did. Namely, the greater the

science  and  literature  literacy,  the  greater  the  learning  scores.  On  the  other  hand,  a  more

motivational aspect pertaining to participants’ appreciation of the text, yielded only a marginal effect

at  most.  This  indicates  that  either  our  measure  of  attention  to  human  action,  our  measure  of

thoughts on human action, or both, make similar contributions to learning as interest in the text.

To determine whether the overlap in variance was common to both variables or restricted to

one of them, we entered as covariates to the base model the interest in the text along with either

the  number  of  regression  to  mental  AoIs,  or  Simulating  Other  Points  of  View.  Whereas  when

included with the measure of thoughts on human action, none of the variables had a significant

impact on learning (Simulating Other Points of View:  estimate = 0.06,  SE = 0.03,  t(39.18) = 1.73,  p

= .092, 95% CI [-0.01; 0.12] interest in the text: estimate = 0.04, SE = 0.03, t(39.18) = 1.43, p = .160,

95% CI [-0.02; 0.01]), when included with the measure of attention to human action, both variables

significantly impacted learning (number of regression to mental AoIs:  estimate = 0.32,  SE = 0.09,

t(38.99) = 3.74, p = .001, 95% CI [0.15; 0.5] interest in the text: estimate = 0.06, SE = 0.02, t(38.99) =

2.67, p = .011, 95% CI [0.02; 0.11]). These results confirm that interest in the text and simulation of

other  points  of  view  make  similar  contributions  to  learning  scores,  whereas  it  offers  a  distinct

contribution to learning scores than attention to human action (number of regressions to mental

AoIs). It thus seems that engaging in simulation of other points of view and the level of interest in the

text may be to some extent related, or even dependent on one another.

A similar pattern of results can be seen for the Humanising Science variable, in Table B13 (p.

233), with the exception that the number of regressions to mental AoIs was not included in this

model (as it had already been determined that the marginal effect of Humanising Science was lost in

the presence of this variable). In contrast, the effect of Humanising Science slightly improved in the

presence of the (also significant) effects of the ART and the SRT  d’ scores. This shows that both
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Humanising  Science and general  literacy  measures  (related to either science or  literature) made

specific and concurrent contributions to science learning. When put together with interest in the

text, however, neither variable has a significant impact on learning scores, likely because they make

similar contributions to learning scores. As with simulating other points of view, it is possible that

humanising science is to some extent related to, or dependent on, the interest elicited by the text.

Nonetheless, as measures tapping into different processes and factors jointly influenced learning

scores,  these results  support  a  multidimensional  conception of  science learning  (i.e.,  that  varied

aspects and processes are involved; e.g., Snow, 2002), and can provide interesting cues for future

research and applications.
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Annex C: Chapter 6

Table C1. Study protocol

Instrument Brief description

Informed consent Read and signed online before session

Sociodemographic questionnaire Completed online before session

Welcome Participants were greeted by the first and second authors. The first author 
presented the study and provided general instructions

Reading the texts In the texts, it was explained that crystals can have the same molecular 
composition despite different molecular structures. Two specific examples were
described, as well as the methods that can be used to examine these 
parameters. There was no time limit, but participants usually read it under 5/7 
minutes. The texts were presented using the Netlify platform:

Narrative text: https://pasteur-museu.netlify.app/nd

Expository text: https://pasteur-museu.netlify.app/te

Answering the questions Presented using the SurveyHero platform. There was no time limit

Video Lasted 4:45 minutes and presented the historical Chemistry laboratory of the 
museum. The second author guided the “virtual tour”, explaining the uses of 
different rooms and instruments and providing fun facts and trivia

Learning activity Was presented in PowerPoint and lasted between 30-40 minutes. Participants 
could pose questions during the activity

Focus group discussion Took place in Zoom and was recorded for subsequent analysis

Wrapping-up and farewell The moderator thanked participants for their participation. Participants made 
comments on the activity, with some asking to be informed of a future 
publication
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Table C2. More specific information of each participant of the study

Focus 
group

No. Gender Age Field of study Current field of work Experience as
science educator

Science
reading habits

1

P1 Man 32 Physics; Cognitive 
Science

Research in Cognitive 
Science

Less than 1 per
month

P2 Man 32 Informatics Informatics Less than 1 per
month

P3 Woman 29 Modern History Research in Modern 
History

2-5 per month

P4 Woman 34 Architecture Urbanism 2-5 per month

P5 Man 39 Rehabilitation and 
social integration; 
Cognitive Science

Cognitive Science Non-formal 2-5 per month

P6 Woman 30 Psychology Science managing 1 per month

P7 Man 32 Artistic Promotion 
and Heritage; Tourism

Museum guard Less than 1 per
month

2

P8 Woman 32 Biology Science school teacher Formal and non-
formal

1 per month

P9 Man 25 Physics Physics PhD candidate Non-formal 1 per month

P10 Man 41 Humanities Translation Less than 1 per
month

P11 Woman 55 Ecology Ecology 1 per month

P12 Man 31 Humanities and Arts Visual artist 1 per month

P13 Woman 22 Psychology Master student in 
Psychology

1 per month

3

P14 Man 27 Psychology Research in Psychology Less than 1 per
month

P15 Woman 28 Design Motion Design and 
Animation

Less than 1 per
month

P16 Woman 48 Tourism Tourism technician Less than 1 per
month

P17 Woman 19 Languages and 
humanities

Psychology undergrad Less than 1 per
month

P18 Woman 31 Biology Biologist and non-formal
educator

Non-formal Less than 1 per
month

P19 Man 33 Informatics Data Engineering Less than 1 per
month
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C3. Texts used in the learning activity

Chemistry narrative text

Louis Pasteur wanted to know the elements that made up living things: the field of organic Chemistry

fascinated him. Like other chemists of  the 19th century,  Louis  gathered organic  compounds and

extracted from them small crystals, which were solid materials with specific geometric shapes, that

he analyzed in his laboratory. He knew that the shapes of the crystals were due to the molecules that

composed them and the way in which they were organized. His notebooks were filled with notes on

the chemical composition and molecular structure of different compounds.

For  Louis,  two  organic  compounds  were  a  cause  of  great  bewilderment: the  tartaric  and  the

paratartatic compounds. His analyses showed that they had the same chemical composition, for they

had the same atomic weight and the same solubility level; yet his analyses also showed that they did

not have the same molecular structure, which was very odd. Louis decided to extensively study the

crystals of these two compounds and, amidst this process, he discovered in 1848 a structural feature

of these molecules yet unknown, that he named chirality.

Louis used different methods to study these compounds: first, he calculated the atomic weight of the

molecules that made up the crystals and wrote down the values on his notebook. Next, he dissolved

the crystals in a liquid solution, as to compare their solubility, and noted their level of solubility. By

verified that the values he had written down were the same, and concluded that the tartaric and the

paratartaric crystals had the same chemical composition. Afterwards, Louis decided to analyze the

structure of the crystals and to do so he pointed a light into the crystals and observed the direction

to which this light was deflected as it passed through them. This way, Louis could understand how

the molecules that made up the crystals were organized, in other words, what was the molecular

structure of the crystals.

However,  Louis  could  not  simply  project  the  light  from a  lamp,  for  it  traveled  in  all  directions,

preventing him from observing its deflection: he needed to use polarized light, that is, a light that

traveled  only  in  a  specific  direction.  To  accomplish  this,  he  fetched  an  instrument  called  a

polarimeter and placed a polarizing filter in front of the lamp before projecting the light into the

crystals, causing the light to travel in only one direction; only then did he point this polarized light at

the jars where the crystals were dissolved. When Louis pointed the polarized light at the solution that

had the tartaric crystals he observed it being deflected to the right; but when he directed polarized

light into the solution with the paratartaric crystals, it was not deflected in any direction.
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To Louis, different interactions with polarized light indicated that the molecular structure of the two

compounds was different, as their molecules were organized differently. However,  this defied the

views of  many chemists of the time, who argued that the compounds must have had the same

molecular  structure,  seeing  they  had  the  same  chemical  composition.  Refusing  to  accept  this

conclusion, Louis decided to conduct a set of experiments in his laboratory.

He began by preparing samples of tartaric crystals and paratartaric crystals, which he observed under

the microscope. Examining the tartaric crystals, Louis ascertained, ashe  expected, that they were all

turned to the right. However, upon closer examination of the paratartaric crystals, he noticed that

some were turned to the right, like the tartaric crystals, but some were turned to the left. The two

types of crystal formed mirror images of each other, which were mixed in the compound. To him,

this proved that molecules with the same composition could be organized differently.

Puzzled, Louis decided to do more experiments, this time using only the crystals from the paratartaric

compound. He manually separated the right-oriented crystals from the left-oriented crystals, placing

them into two separate piles; he then dissolved the crystals from each pile and placed them in the

polarimeter. When pointing the polarized light at the right-facing crystals, Louis found the light to be

deflected  to  the  right;  similarly,  by  pointing  the  polarized  light  at  left-facing  crystals,  the  light

deflected to the left. For Louis, the conclusion was clear: when separated, the two crystals of the

paratartaric  compound  deflected  polarized  light;  however,  when  mixed  in  the  compound,  they

deflected the polarized light in opposite directions, neutralizing each other’s deflection. Louis could

not help but notice that this symmetric mirroring of the paratartaric crystals was similar to that of his

own hands. Remembering the Greek word for hand, kheir, translated as chiral, he decided to name

the structural feature he had discovered as chirality.

Chemistry expository text

The  scientific  field  of  Chemistry  includes,  as  defined  in  specialized  textbooks,  the  study  of  the

elements that make up organic matter (i.e., living things) and how these elements are organized (see,

for instance, Clayden, Greeves, & Warren, 2012). Studies are conducted in a laboratory setting by

extracting small crystals of organic compounds. Crystals are solid materials with specific geometric

shapes and owe these shapes to their specific atoms and molecules, and the way these elements are

organized,  making  it  is  possible  to  extract  information  regarding  the  chemical  composition  and

molecular structure of different organic materials (e.g., Glusker, Lewis, Rossi, 1994).
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Different  methods  can  be  used  to  study  organic  compounds  (Clayden  et  al.,  2012).  Chemical

composition can be determined by calculating the atomic weight of the molecules that make up the

crystals of the compounds, as well as by analyzing the solubility level of crystals when dissolved in a

liquid solution. Additionally, it is also possible to observe the interaction of the dissolved crystals with

light, namely by observing the direction in which the light is deflected after being directed onto the

crystals. The direction in which light is deflected is dependent on the specific organization of the

molecules  that  make  up  the  crystal  are,  and  therefore  gives  information  about  the  molecular

structure of the crystals.

However, this analysis cannot be done with natural light, and the light must be polarized. When light

is projected from a source (e.g., a lamp) it travels in all directions (e.g., Shipman, Wilson, & Higgins,

2015), making it impossible to observe its deflection. Using an instrument called a polarimeter, it is

possible to place a polarizing filter in front of the light source and have the light travel in a specific

direction (e.g., De Martino, Kim, Garcia-Caurel, Laude, & Drévillon, 2003).

Compounds may present the same chemical composition, as determined by the analysis of their

atomic weight and solubility level, yet present different results when it comes to the analysis of their

structure.  Crystal  structure  analyses  relate  to  the  concept  of  chirality  (Flack,  2009;  Kauffman &

Myers,1998),  a  molecular  structural  feature discovered through systematic studies conducted on

crystals  of  the  tartaric  and  the  paratartaric  acids  by  the  chemist  Louis  Pasteur  (Pasteur,  1848).

Conducting chemical analyses reveals that the two acids have identical chemical composition and

solubility level but interact differently with polarized light.

By dissolving crystals and observing the resulting solutions in the polarimeter, it can be seen that a

solution with tartaric acid crystals causes the polarized light beam to be deflected to the right as it

passes through; however, a solution with paratartaric acid doesn’t affect the light’s direction in any

way. The fact that the tartaric and the paratartaric acids have the same chemical composition meant

that until the 19th century it was argued by many chemists that their molecular structure was the

same, but one deflected polarized light, the other did not. Today it is known that differences in the

way two compounds interact with light indicate differences in their molecular structure (see, on this

topic, Kauffman & Myers, 1998).

Observation of  the tartaric and the paratartaric  acid crystals  reveals  the specific orientation that

characterizes  each crystal.  The crystals  of  the tartaric  acid  are  all  facing  the right,  whilst  in  the

paratartaric  acid  some  crystals  are  right-oriented  (like  the  tartaric  crystals)  but  others  are  left-
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oriented, thus forming mirror images of one another that are mixed in the acid (e.g., Gal,  2008;

Nagendrappa, 2007).  This attests to the fact that molecules that have the same composition can

nonetheless be organized differently.

The two types of paratartaric acid (i.e., right-oriented and left-oriented) can be further analyzed with

the polarimeter using  polarized light.  By  manually  separating each type of  crystal  and preparing

liquid solutions with it, it is possible to observe that the solution with right-oriented crystals deflect

the polarized light to the right and the solution with left-oriented crystals deflects it to the left. This

observation allows the conclusion that when separated, the two types of crystal of the paratartaric

compound deflect the polarized light; when mixed in together in the same compound, the crystals

deflect the polarized light in opposite directions, neutralizing each other’s  deflection (e.g.,  Flack,

2003; Fox & Whitesell, 2004). This particular type of symmetric mirroring is similar to that of human

hands, which is the reason why this structural feature was named chirality (i.e., kheir; Greek word for

hand; chiral).
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C4. Questions about the text used in the learning activity

1- Light is a type of electromagnetic radiation:

Which spreads in a straight line in all directions

Spreads in a straight line in only one direction

Does not spread in a straight line

2- The property of polarized light that interests us:

It is not affected by the structure of molecules

It can be deflected to the left or right when passing through chemical compounds

It changes the structure of molecules

3- The polarimeter is a piece of equipment that:

Produces polarized light

Uses polarized light

Does not work with polarized light

4- An object is said to be chiral when:

Its image doesn’t overlap its mirror image

Its image overlaps its mirror image

It is symmetrical object

5- Symmetrical objects:

Can be chiral or non-chiral

Are chiral

Are non-chiral
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6- The concept of chirality is a property:

Unique to Chemistry

Unique to Biology

Present in all areas of our daily lives
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C5. More specific ideas and suggestions from participants

P14: Portraying museums as (…) fascinating places, places of learning, of things that are, that (...) 

bring something to people's lives.

P1: It could be companies, it could be universities... exhibitions on certain topics, those fairs for 

"hunting" students for certain faculties, etc. this could be done in a much more constant way, 

without that voracious interest in capturing students...

P17: maybe if there was more marketing like that encouraging going to museums... it would be much

better, because I used to go during school trips and then after a while I no-noticed that I hadn't gone 

since

P4: There is this lack of seeing the museum as an extension of the classroom. It's a little bit like 

expanding the idea of museums and, perhaps, also centering the museum itself as a classroom and 

producing a curriculum.

P1: Because in reality either young people go with their parents, or start going with their parents to 

museums as kids, or, otherwise, it's hard to go later on if they lacked contact with them before, 

right? It's actually a bit like reading, and I think it has to stop being so dependent on the parents and 

come from the school. Because not only does that completely skew the availability of thinking 

outside the box, but it doesn't get past the social barriers, that only a certain social class goes to 

museums, etc., right? And I think that if museums were... (...) more present in schools, that could 

help a lot

P16: Maybe museums must do more... I don't know if it's advertising, but maybe more... more 

invitations. Maybe the ticket prices aren't very “attractive”, are they? There must be some 

mechanism or some support from the-the state to make it easier to go to museums.

P1: The museums, for example, I think the connection with being presented in schools, which might 

be a bit of a megalomaniac job, but there should be a presentation tour in schools or school clusters. 

I think it can be a great advantage. I feel that there aren’t many presentations of things outside the 

schools in the schools. There are very few visits, mainly from academia, academia lacks interest in 
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going to schools to talk to their their potential...to their future...apprentices, students, etc. (...) 

Because I think schools are actually very interested in having these kinds of activities

P9: Maybe the, the schools, or even the museums... should have kits or prepare... or even find kits to 

give, for example, like giving it to a father and saying "Look... You can even assemble with stuff you 

have at home, and you'll discover this concept with your son" And have this creation of... of 

knowledge in an informal environment... provided perhaps by schools and by... for example, by 

museums.

P9: One thing that museums can, at least in Portugal, and-and should do more of-is to take… what 

they do well to the digital. So that a person doesn't just have to go to the museum, but can, even in 

the context of the current pandemic, go to the museum whilst staying home. And read stories, and 

have those diagrams, and watch videos that take that knowledge that people who work in museums, 

and who do communication for museums, already do so well, and put it on a, shall we say, on a on 

demand basis. Where people can search for that specific kind of information on that topic or they 

can even browse around the museum. Something that teachers can also send to the students, and 

say "Look, go to the museum's website, they have a set of presentations, they have a set of videos". 

And then sometimes you can even have a-a little quiz, and I think that this would be a very good 

thing that museums and any place that does informal learning can do, to go further. Because the 

hard part they already do well. Now they just have to change their... their range, and change the 

people they reach.

P9:...there's a lot of content nowadays. Maybe the role that museums could have, in that sense, is 

not so much of creation and being one more person in the... in the... in being one more organism in 

the cake, but maybe, more of a role that maybe a little bit of digital curatorship. Instead of museums 

having "Look, here is this little thing that we did" and having "Look, here are two things that we 

talked about in our museum, you can see the exhibition", maybe something and so on, but then 

saying "Okay, here are several videos that we..." whether it be videos, books, texts "...that we 

selected (...)

P15: I think it is to have a modernization in the way museums communicate to the public, introducing

more in the digital area and even more in the interactive part, being that our generation and the 

younger ones live with the... constant inter-interactivity. Looking at, for example, art or design 
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museums, for example, many of them have interactive exhibits and... that appeals to an audience 

that I still think museums related more to... history and with science and not with such artistic 

branches could take as an example... those more artistic museums in the way they communicate, 

how they do marketing, how they do invitation videos

P15: (...) and also this idea of museums doing street activities, this is also an idea... quite an 

interesting idea because... there it is, we are outside and we see a group of people, it captures our 

interested.

P16: The last museum that I visited had screens to place us in history, in the age when those 

drawings were made in the stones, the kind of people who created those drawings, what those 

drawings meant, and all that with a game and using giant screens, and it was very... it was a lot of 

fun, it was a lot of fun.

P12: As far as informal spaces go, I already had the experience of being in charge of one and there 

was a methodology of the before, during, and after. Because... before, the person gets there only 

minimally prepared, and then you must find a methodology that makes them aware towards arriving 

to the space, to a moment of a set of experiences in that formal or informal educational space

P19: Remembering some museum visits and my frustration when, for example, I would go to an 

interactive exhibit and it was interactive because there was a lot of digitalization present in the 

exhibit but there was no way for me to gather more information about what was in front of me. And 

the fact that I couldn't, at that very moment, travel in history and go to that moment in history to 

understand the cultural-historical, social context... that makes it more difficult for me to try to 

understand. Instead of being able to at that very moment interact with the item in the sense of "let 

me read more, let me know more, let me understand its importance" The audio guides don't always 

because they seem to be going very quickly over the topic, I feel like, that it's very-that it provides a 

good introduction but it's very limited... having a guide actually talking about the topic and bringing a

better explanation helps, or the possibility that I could pay for a guide for that. It's not always clear 

whether it's something I can do or not. Or even just simply being able to use my phone with a QR 

code or whatever to get more information on the topic.
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P8: For example, now I'm teaching in [a specific city], I tell them a lot about things from [that city]. I 

use examples that are close to their homes. And I think that goes halfway to arousing their interest 

because these are things that they see in their daily lives.

P8: The dinosaur museum of [a specific city] that's on the beach where they found the dinosaurs. I 

mean, it's when you have a museum that talks about something from the area where you are. And 

then, even if you have no interest in dinosaurs, you find yourself in [that specific city] and you start 

seeing dinosaurs everywhere and that can arouse your interest.

P7: A few days ago I saw a documentary that started by mentioning the relationship between bees 

and chocolate. What the hell do bees have to do with chocolate? And this will make people a little 

more interested: "What do you mean? If there are no bees I won’t have chocolate, but I like 

chocolate so much." So, this could be something that click with me, right? And museums can do 

similar things

P19: I like it a lot, maybe because I come from computer science, and I like understanding how one 

arrives to something, or what made them think of something, right? And why was it so different from

others who were also doing research at that time.

P5: I think it's good, and it's useful for people to know the process and get enthusiastic about this 

discovery process and... and also to know that there's a path, that it's not... that ideas and discoveries

are not "Ah! It's here, that's it!" No. It's an idea path, which is a continuum, and that there can be 

mistakes.

P18: Sometimes it's important not only to call things by their names but also know their practical 

applications. If we can translate that into more practical models or apply to everyday things, people 

get interested. I can give a very simple example right now. I think we are all now feeling a bit of 

winter. I have the fireplace on all day and the heat just escapes... very quickly, isn’t it? If I do my own 

house plan one day and I know, through the laws of physics, that the heat is going to rise, right? How 

can I adapt and plan my house to better take advantage of that heat? Just a possible example. Or if 

we take a vitamin that our body isn’t absorbing but maybe if we know that there are vitamins that 

associate with each other...
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P18: Hands-on activities make sense to me. When we are confronted with something we don't 

understand, then we have the curiosity to research it and propose hypotheses. Through questioning, 

experimenting, observing, testing

P9: I think it's very important that we also give people that honesty, that science is made of 20000 

failures and one success. To remove this idea, especially among kids, that "Oh, a scientist was 

banging their head on the walls all night..." or like thinking and then it was a linear process. But that 

it's not it. That it’s a construction and, it’s increasingly becoming, a collective construction.

P8: For me, what has been more effective is to-to take everyday things. In knowing what you go 

through every day (...)I mean, it's both, isn't it? Taking the day-to-day to know science, and knowing 

science towards applying it to the day-to-day.

P10: One idea, I think, would be to present the information on several levels, right? For example, 

you’d enter a room in the museum, but also, for example, in a book or any pedagogical material, it 

will already have a-a title "Ah! This is the room about theme such and such" This title already gives 

some background information. Then there's a... I don't know, a paragraph that explains a bit more, 

and then a paragraph with a more complete explanation, and so the person chooses-starts reading... 

because it already has a little information, and if they want to know more, they can progress into... a 

more advanced level... and... can choose how deep they want to dive into the question.

P19: All the teachers I had known up to that point couldn't really make me get into the subjects and 

this one teacher did. This was due to two things... firstly, he presented an extremely complex subject,

something quite difficult to understand. It was like "No way! This is only for... for super smart people"

and out of the blue he would start to deconstruct it... into simple pieces. That made all of us, even 

the worst students in the class, gain interest in the subject. They felt like they were learning and 

didn't feel judged or as being treated like they were dumb. I think that was the core of it, that when 

faced with a complex topic you aren’t made to feel judged, nor like you have to be the smartest 

person, right? That it makes you feel that your intelligence level is perfectly capable and valid for-for 

you to understand that theme, and to be able to enjoy it, right?

P8_F_C+E: for the kids what I have been doing the most is practical activities, always with the 

theoretical part, but I think that practical activities when they have to look for... and when I say 
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practical, it doesn't have to be in a lab doing an activity or an experiment, it can be just them 

searching for the information by themselves

P13: It also goes through the schools, for example, field trips, for example in science, they teach a 

certain subject and take the class to... to science labs for example. (...) it also involves making the 

classes a little more dynamic to... to captivate the students... Or even, I don't know if I can address 

the part about work here, for example, if-ten students want to practice medicine, then, in the 10th 

grade, maybe we could have uh, a field trip or a day to go see the medical profession, to see what it's

like. And even turn the students into teachers. For example, the teach... teaching a class and once a 

week, or once every two weeks, a student has to read about something and present it by themselves.

P18: And in the same way, connect it to our daily lives. Maybe if you're a teacher who gets their news

from the TV, for example, and brings to the classroom something that everyone has heard about and 

then, maybe from an article, you can get to certain scientific concepts. It will be that way, yes. Taking 

examples from the day-to-day and showing that science is not outside of it, that it is all around us.

P18: In school when we learn science it seems like a separate subject... and in fact maybe we can talk

about science and mix it with history when we talk about maritime exploration, we talk about the 

ships, we can talk about their physical properties, chemical properties, we can talk about what floats 

and what doesn't float. Maybe when we talk about spices we can introduce concepts of, I don't 

know, taste, so I don't think we need to put science in a separate box, we can connect it with a lot of 

what we learn in 

P8: Show them a real situation, a daily situation, and from there they will also get information. That 

is, it's no longer just this is this because so and so, but rather they have to interpret the situation

P1: I think that the components that are supposedly more focused on informal education today 

should be integrated into formal education. But they should be formalized, in the sense of being 

standardized.
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