
Joumal of Educational Psychology
2012. Vol. 104. No. 4, 1022-1032

© 2012 American Psychological Association
0022-0663/12/$ 12.00 DOI : 10.1037/aOO28108

The Role of the Scientific Discovery Narrative in Middle School Science
Education: An Experimental Study
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In an experimental study (N = 209), the authors compared the effects of exposure to typical middle-
school written science content when presented in the context of the scientific discovery narrative and
when presented in a more traditional nonnarrative format on 7th and 8th grade students in the United
States. The development of texts was controlled so as to isolate the presence of the discovery narrative
structure as the independent variable; outcome measures were developed according to the BEAR
Assessment framework to be sensitive to a range of levels of understanding of presented information and
to focus only on the conceptual material presented in the texts. Students exposed to the scientific
discovery narrative performed significantly better on both immediate and delayed outcome measures.
These findings are discussed in the context of a larger argument for the inclusion of the scientific
discovery narrative in science instruction.
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Much of the research in the field of science literacy has focused
on the cognitive importance of having school science texts stu-
dents find interesting and relevant. Do attempts to increase the
interest value of texts serve to promote or distract from leaming of
conceptual information—or does it not matter? One possible
method of increasing students' interest in educational texts is
through the use of narrative; however, evidence concerning how it
may be best used in the communication of scientific information is
equivocal. In this study, we focused on the presentation of scien-
tific information though a particular form of narrative text, termed
the scientific discovery narrative (SDN). We position the SDN
within the theoretical view of narrative as a universal, culturally
embedded concept that people use, intentionally or not, to tell real
or fantastical accounts of experience for a variety of purposes
(Bruner, 1990; Mishler, 1995; Ricoeur, 1980; White, 1980). In this
sense, the SDN is the experiential account of a scientist's discov-
ery of new knowledge about natural systems. This study investi-
gates the educational effects of texts that present scientific infor-
mation encased in a narrative account of the scientific discovery
process (the SDN), compared to more traditionally-styled texts that
present the same conceptual information in straightforward expos-
itory format.

Science educators have long studied and argued for the useful-
ness of historical narratives in science education (e.g., Conant,
1957; Klopfer & Cooley, 1963; Metz, Klassen, McMillan, Clough,
& Olson, 2007; Solomon, Duveen, Scot, & McCarthy, 1992), yet
all such investigations have been in the form of case study re-
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search. Science educators such as Avraamidou and Osbome (2009)
make a case for the usefulness of "mixed texts," which are defined
as narrative texts with embedded descriptive or explanatory texts
about scientific concepts or processes, for "making science mean-
ingful, relevant, and accessible to the public" (p. 1683). These
researchers argue that narrative is largely neglected in science
leaming and instructional practice, and they call for more rigorous
research studies designed to investigate particular effects of nar-
rative in science leaming. To our knowledge, there have been no
randomized experimental designs comparing educationally rele-
vant outcomes between students who have and have not been
exposed to narratives.

Some findings from literacy research suggest an altemative
perspective on the role of narrative texts in science education.
Hidi, Baird, and Hildyard (1982), for example, found that the
mixing of genres as suggested by Avraamidou and Osbome (2009)
can cause confusion when readers attempt to use genre-specific strat-
egies for understanding key information within a text. Further, Hidi et
al. (1982) found in a sample of school-related texts that whue mixed
texts were interesting (and thus memorable) to readers, the conceptual
information contained in embedded narratives had little or nothing to
do with the story. Similarly, Wade and Adams (1990) considered the
narrative aspects of these mixed texts to be superfiuous and seductive,
serving only to distract readers from concept-specific details. Jetton
(1994) also found that in immediate and delayed tests of recall of text
material, readers demonstrated a stronger ability to recall story idea
units (i.e., familiar, personal events that do not contain factual infor-
mation) than informational idea units (key conceptual or factual
information).

Similarly, other scholarship on the use of stories in science
literacy research has focused on the potential for young readers to
develop misconceptions from fictionalized, often anthropomor-
phized accounts of scientific concepts and processes that contain
entertaining yet conceptually irrelevant information (e.g.. Jetton,
1994; Madrazo, 1997; Mayer, 1995; Rice, 2002). Empirical re-
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search on the presence of seductive details in expository texts, for
example, suggests that readers often retain less conceptual infor-
mation when irrelevant yet emotionally entertaining details are
present (Gamer, Brown, Sanders, & Menke, 1992; Gamer, Gilli-
ham, & White, 1989). However, narrative as a concept (and the
SDN in particular) does not necessarily involve seductive,
concept-irrelevant details.

The experimental texts designed for this study did not include
the seductive details that are often present in biographical accounts
of scientists (Allchin, 2003; Westeriund & Fairbanks, 2004). In-
stead, the reader vicariously experiences the scientists' processes
of discovery, generally beginning with an interest in knowing more
about the natural world and in building on the existing knowledge
of other prominent figures (mentors, colleagues) and including
accounts of unforeseen events (accidental experiments or chance
encounters) and reactions to them, as well as the methods (planned
experiments or systematic observations) that eventually led to
discoveries.

SDNs, in this view, are science narrative texts that make the
author visible. Although Marie Curie's (1904) Radioactive Sub-
stances is a highly technical volume written for the scientific
audience, she does not stray from the overall stmcture of telling
her story as a personal narrative of discovery. Findings on the
effects of a visible author (a term that, in general, denotes aca-
demic texts that are written in the first person with a conversational
style; e.g., Nolen, 1995; Paxton, 1997, 2002) suggest that readers
are more engaged, refiect more, and have a greater awareness of
the intended audience when the author has made herself visible.
Traditional school science texts, on the other hand, are often
characterized as formal, authorless descriptions of concepts and
natural processes, often involving challenging academic language
(Glynn & Muth, 1994; Koch & Eckstein, 1995; Norris & Phillips,
2003; Snow, 2010). Some have noted that these traditional texts
are often devoid of a sense of the feelings of importance and
intrigue that originally inspired the discovery of the scientific
knowledge being described (Bowker, 2005; Latour & Stmm, 1986;
Leite, 2002; Lemke, 1990; Niaz & Rodriguez, 2000).

The SDNs used in the present study are not written in the first
person, but do highhght the original authors (Marie Curie and
Galileo Gahlei, respectively) as the protagonists of the discovery
account.

Another theoretical perspective that is relevant to many kinds of
narratives is the personalization principle, which states that stu-
dents leam more deeply when a text invokes a heightened social
presence through (in particular) informal, conversational writing
styles (Mayer, 2009). Making the author visible certainly may be
a way of personalizing texts; in addition, the use of first person /
constmctions and addressing the reader directly using second
person you constmctions can foster more intimate connections
between readers and texts, which have been found to have positive
cognitive effects in several experimental studies (McLaren, Lim,
Gagnon, Yaron, & Koedinger, 2006; Moreno & Mayer, 1999,
2002; Reeves & Nass, 1996). Greater personalization may be one
pathway by which narratives in general and SDNs in particular can
promote deeper leaming; however, personalization is not a defin-
ing feature of narrative, as nonnarrative texts can also be person-
alized. As we hypothesize that the SDN will have a positive impact
on leaming through the greater student-text engagement encour-
aged by the account of the process of discovery, and not just

through greater personalization, the degree of personalization was
maximized in both the narrative and nonnarrative texts used in the
present study.

An individual's interaction with a text is, of course, a product of
both features of the text and features of the individual. Cultural
differences and ethnic identity have well-documented effects on
text comprehension; for example, linguists and discourse analysts
have found that cultural assumptions and prior knowledge have
significant infiuences on text interpretation (e.g., Murata, 2007;
van Dijk, 2001; Widdowson, 2004). Psychologists have found that
cultural beliefs and practices have an effect on the way that
individuals constmct knowledge (e.g., Greenfield, 1997; Lipka,
1991) and that self-conceptions of academic ability refiect cultural
stereotypes that can further debilitate (or increase) academic per-
formance (Steele & Aronson, 1995).

School culture and climate have also been found to affect
students' academic performance (MacNeil, Prater, & Busch, 2009;
Stewart, 2008; Wang, Haertel, & Walberg, 1997; Welsh, 2000).
The quality of communication and morale among students, teach-
ers, and administrators within a school, for example, can make a
significant impact on the cognitive abilities demonstrated by students
(MacNeil et al., 2009). Results from a longitudinal study by Lassen
(2007) revealed that the number of reported suspensions in two
schools predicted reading and math performance (i.e., standardized
assessments). Similarly, Simmons and Blyth (1987) found that in-
creased number of school suspensions were highly associated with
overall low grade-level performance (i.e., grade point average).

Prior knowledge is another well-known predictor of text com-
prehension. Specifically, the more a reader knows about the con-
cepts and words in a science text, the easier this text will be to
comprehend (e.g., Chi, Feltovich, & Glaser, 1981; Kendeou & ven
den Broeck, 2005, 2007; Recht & Leslie, 1988). Based on evi-
dence of grade-related differences in exposure to the conceptual
information targeted in this study, we also seek to investigate
grade-specific effects of the SDN.

Thus, our primary research question is: What effect does the
presentation of scientific information encased in the SDN (rather
than through traditional expository text) have on middle school
readers' ability to understand and remember this information? As
a secondary question: Is there any evidence that such effects differ
based on students' backgrounds, including such factors as their
level of prior knowledge and school culture and climate?

Method

Participants

The sample consisted of 209 participants, of whom 107 were
female and 102 were male; 106 (51%) were Caucasian, 73 (35%)
were Latino, 20 (10%) were African American, four (2%) were
Asian American, and six (3%) were other, mixed, or unreported.
According to state standardized tests, 82% (171) of the students
were performing at or above proficiency in English language arts.
Students were in the seventh and eighth grades (ages 12-14) and
were drawn from nine classrooms in two schools from separate
school districts in northem Califomia. The two schools were
recruited through an online advertisement. Initially, 248 students
retumed signed letters of personal and parental consent; of these,
209 were present during the first session of the study and were thus
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included in the analysis. Seventeen students were absent from the
second session, leaving a total of 192 participants present during
both sessions. Students not present during the second session are
excluded only from the analyses involving the second testing
occasion.

Four of the nine classrooms (64 students) came from Oaks
Middle School (pseudonym), a high-poverty (95% free and
reduced-price lunch) urban school with a predominately Latino
and African American student population and a reported school
suspension rate of 26 per 100 students (above the reported district
average). The remaining five classrooms (145 students) come from
Ocean Middle School (pseudonym), a low-poverty (37% free and
reduced-price lunch) suburban school with a predominately Cau-
casian student population and a reported school suspension rate of
nine per 100 students (below the reported district average).

The seventh grade teachers from both schools reported that their
students had received very little or no academic exposure to the
concepts presented in the present study's texts. The eighth grade
teachers noted that their students had received some instruction on
the periodic table, chemical reactions, the structural aspects of
elements, and Marie Curie's discovery of radium. According to the
eighth grade curriculum overview, all students in this grade at
Ocean Middle School are expected to have a solid understanding
of most of the key conceptual information presented in the exper-
imental texts about radioactivity.

Classroom observations (conducted prior to the administration
of the study) corroborated teachers' reports of students' prior
exposure to targeted conceptual information. Immediately prior to
the study, the seventh grade participants at Ocean Middle were
preparing and presenting semester-long projects related to drug
abuse, while their peers at Oaks Middle were finishing a unit about
evolution and beginning a new unit about reproduction. By con-
trast, the eighdi grade participants at Ocean Middle were complet-
ing a unit about chemical reactions and conducting a final exper-
iment that tested students' understanding of the effects of heat on
elemental bonding. Thus, it could be inferred that the eighth grade
students had recently been exposed to greater levels of targeted
conceptual information, particularly for the Radioactivity text (one
of the two texts developed in this study).

Materials

Texts. Four texts were created for this study: two versions for
each of two topics (titled Radioactivity and Seeing at a Distance).
For each topic, an SDN version and a more traditional expository
version were created. The Radioactivity texts cover the concepts of
elements, radioactivity, and chemical reactions, as well as some
applications of these concepts to technology. The Seeing at a
Distance texts cover the Galilean telescope and its role in the
acquisition of knowledge about the Earth's moon and the moons of
Jupiter.

The SDN and expository versions of each topic were created so
as to be maximally similar in all respects, save for the presence of
the discovery narrative as the mode of presentation in the former
texts. Both text versions of each topic contain the same informa-
tional content, drawn from the Califomia state standards (Califor-
nia State Board of Education, 1998; National Committee on Sci-
ence Education Standards and Assessment & National Research
Council, 1996) for seventh and eighth grade science education.

Length of texts. The SDN versions of the experimental texts
were longer than the non-SDN versions, by 255 words for Radio-
activity and 122 words for Seeing at a Distance. The additional
text for the SDN versions was necessary to ensure that the same
amount of conceptual information was present in both text ver-
sions. Conceptual mapping of all texts through an extemal review
process helped ensure that the additional text was purely narrative
based and did not contain concept-specific information. For ex-
ample, the SDN version of Radioactivity includes Marie Curie's
excitement about the mysterious glowing rock shown by her
colleague, Henry Becquerel, while the non-SDN makes no men-
tion of Curie's emotive state.

To avoid a straw-man comparison of an interesting and unin-
teresting text, both narrative and expository text versions were
written with the intent of maximizing the engagement and interest
of the reader. For example, both text versions of each topic begin
identically, addressing the reader in a conversational manner,
using first-person and second-person pronouns, with questions to
consider and with a small amount of background information. For
example, both versions of the Radioactivity texts begin thus:

What are the basic elements that make up the earth? If you could
break down a rock into its smallest parts, what would you find? Gold?
Copper? Elements are individual pieces of matter that combine with
each other and make up everything we see around us. Most of what we
see and use in the world, such as air and water, is not made of one
single element. For example, sodium and chlorine are two different
elements that make up the salt that we use for cooking.

The difference between the two text versions is found in the
mode of presentation of the science content. Whereas the exposi-
tory versions present information in a straightforward manner
consistent with standard seventh grade science texts, the SDN
versions describe the activities of the scholars (Galileo and Marie
and Pierre Currie, respectively) and the manner in which they
came to understand this content. As an example, two passages
from the expository and narrative versions of the Seeing at a
Distance texts follow. From the expository version:

And with this simple, powerful tool [Galilean telescope], we can see
many details when we use it to look up into the night sky. The moon
may look like a smooth ball of light covered with dark spots, but on
a closer look through this telescope, we can see deep valleys and great
mountain ranges. Through the telescope, we can now see all the
different marks on the moon's surface.

Whereas in the narrative version, the passage emphasizes Gauleo's
process of discovery:

When Galileo looked through his new telescope, he could see the
surface of the moon, and so he began his first close look into space.
He slept during the day in order to work and see the moon at night.
Many people thought that the moon was a smooth ball with a light of
its own. Now that Galileo had a closer look through his telescope, he
realized that the moon's surface had mountains and valleys.

Both passages communicate information about the surface of the
moon and how the Galilean telescope is a tool for investigating the
night sky. Similarly, the two following passages from the expos-
itory and narrative versions of the Radioactivity texts describe the
robustness of radioactive elements. From the expository version:
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The radioactive elements in pitchblende rock are powerful enough to
withstand most acids, even at the highest temperatures. However,
nonradioactive elements like iron, carbon, and uranium will react with
different types of acids and either tum into a gas and dissolve away or
tum into whole solid clumps. On the other hand, radioactive elements
will remain unchanged.

The narrative version includes the process that led Marie and
Pierre to understand the same information described above:

Like tme chemists, Marie and Pierre bumed the pitchblende at dif-
ferent temperatures and added different kinds of acid to see what
would happen. If they bumed the rock too quickly or added too much
acid, all of the pitchblende would be gone or destroyed, and they
would have to start all over again. Marie leamed from their experi-
ments that the radioactivity stayed even after many other elements
were bumed away. She also learned that the radioactivity would not
react with most acids. Even when she and Pierre added different acids
to the pitchblende, the radioactivity was unchanged.

The nonradioactive elements, like iron and carbon, would react with
acid and either tum into a gas and dissolve away or turn into whole
solid clumps, which could be removed from the pitchblende.

It should be noted that while uranium is mentioned in the expos-
itory excerpt, this element is not described until later on in the
SDN version so as to be more consistent with the manner in which
Marie and Pierre's discovery unfolded; thus, it is not present in the
above excerpt.

Both text versions for each topic contained identical illustrations
(11 total in the Seeing at a Distance texts and six total in the
Radioactivity texts). All texts were organized and published in the
form of small booklets.

Quality control. For purposes of text review and quality assur-
ance, a 10-person extemal panel was formed, consisting of a chemist,
two applied physicists, a professor of children's literature, a professor
of PsychoUnguistics, a middle school librarian, and four middle school
science teachers. The extemal panel members evaluated the texts for
content accuracy, clarity and coherence of presentation, readability
and text complexity, and for consistency across versions in these
features and density of presented information.

Additionally, texts were piloted with 15 middle school students
(five each from sixth, seventh, and eighth grade; eight males and
seven females; four Caucasian, six African American, four Asian
American, and one biracial); 11 of them were from standard
classrooms, three were from special education classes, and one
was from a gifted-and-talented classroom. Each student took ap-
proximately 20-30 min to read the SDN version of one topic and
the expository version of the other topic (varied between inter-

views), with two students receiving all four texts. Comments given
by students guided revisions of all texts in terms of coherence and
accessibility, engagement, appropriate cognitive load, and overall
presentation.

Text drafts were submitted for analysis by the software program
Coh-Metrix (McNamara, Louwerse, Cai, & Graesser, 2005) for
general characteristics of text coherence, including readability,
word and text organization, syntactic complexity, referential co-
hesion, and clarity within four "situation model" dimensions. The
Coh-Metrix indices indicated that the narrative and nonnarrative
versions of both topics were extremely similar in all measures of
coherence and readability. Three indices in particular (shown in
Table 1) are worth noting; total number of words, the Flesch-
Kincaid readability level, and latent semantic analyses (LSA).

Readability indices indicate that while the Radioactivity texts
may be more challenging than the Seeing at a Distance texts
(presumably due at least in part to the low general frequency of
words like radioactivity, electrometer, and radium compared with
words hke lens, convex, and rotation). The LSA values (which refer
to the "conceptual similarity" of words, sentences, and paragraphs
within a text) of the narrative versions were consistently, albeit only
slightly, lower than their nonnarrative counterparts. These results
seem to ahgn with the stance that narrative portions in mixed texts are
unrelated or irrelevant to the expository information, thus providing
some evidence for the notion that narratives in mixed texts introduce
irrelevant and potentially seductive details.

Both the aforementioned extemal panel and the 15 students
were asked for feedback regarding the texts. Of the four teachers
involved in the editing of the texts, only one commented that the
SDN versions would elicit greater interest and engagement on the
part of the students; the remaining three commented that all texts
had an equal chance of promoting such engagement. Of the sample
(Â  = 209) of students described below, 105 received the SDN
version of Radioactivity and the expository version of Seeing at a
Distance, and 104 received the expository version oí Radioactivity
and the SDN version of Seeing at a Distance. Of the former group,
70 (67%) indicated that they preferred the SDN {Radioactivity)
version; of the latter group, 29 (47%) indicated a preference for the
SDN {Seeing at a Distance) version. These results show that the
topic of Radioactivity was slightly more popular overall than
Seeing at a Distance (X(i)= 8.27, p < .01), which makes sense
given some of the human mortality elements included in the
discussion of radioactivity, and that the SDNs were only slightly
more popular overall than the expository texts (with 119/209
students preferring SDNs). Thus, it seems reasonable to conclude

Table 1
Coh-Metrix Indices

Title

Radioactivity (non-SDN)
Radioactivity (SDN)
Seeing at a Distance (non-SDN)
Seeing at a Distance (SDN)

Word count

958
1,213
1,210
1,332

READFKGL

10.081
10.103
7.879
7.952

LSAassa

0.484
0.427
0.525
0.513

LSApssa

0.39
0.379
0.521
0.508

LSAppa

0.653
0.649
0.652
0.636

Note. READFKGL = Flesch-Kincaid grade level (0-12); LSAassa = latent semantic analyses, sentence to
sentence, adjacent, mean; LSApssa = latent semantic analyses, sentences, all combinations, mean; LSAppa =
latent semantic analyses, paragraph to paragraph, mean; SDN = scientific discovery narrative.
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that the attempt to control engagement and interest across the
narrative and expository texts was successful.

Measures. The primary dependent variable in this study was
the students' understanding and recall of the conceptual informa-
tion that had been presented in the experimental texts. As there
were two topics, there was a need for two measures of understand-
ing: one related to the science content presented in the Radioac-
tivity texts and one related to the science content presented in the
Seeing at a Distance texts. Only content clearly presented in both
narrative and expository versions was of interest. For the initial
testing, 10 multiple-choice and constructed-response items for
each topic were created. A second set of similar items for each
topic was created for the second testing session.

Measures of these variables were developed following the
framework of the BEAR Assessment System (BAS; Wilson,
2005), which draws upon assessment principles laid out by the
National Research Council (NRC; 2001) in the seminal publication
Knowing What Students Know to guide the development of mea-
sures of students' competence in educational domains. The BAS
translates the NRC s "assessment triangle" of cognition, observa-
tion, and interpretation into a test-construction method that can be
summarized in three steps:

1. Develop a model (or construct map, in BAS parlance) of
student understanding (or knowledge, competence, etc.)
in a specified domain area, based on available theory.

2. Develop ways of making and coding observations about
the students that provide evidence of their levels of
understanding.

3. Link the observations back to the construct map via an
appropriate measurement model, such as the Rasch
model, and collect and evaluate evidence of the success
with which the observations match theory-based expec-
tations.

In the present study, the domains of understanding are restricted
to the conceptual information presented in the experimental texts.
Kintsch's (1998) construction-integration (C-I) model of reading
comprehension, along with experience in science education, was
used to develop a construct map of progressively more sophisti-
cated levels of understanding of the conceptual information that
students might achieve based on their readings of the texts; this
model was then used to help guide the writing of test items
intended to be progressively more difficult. This procedure helped
generate a test on which different levels of performance could be
meaningfully interpreted as refiecting not just higher or lower total
levels of knowledge of discrete facts, but also more or less sophis-
ticated levels of comprehension of the relevant material. It should
be noted that this adaptation of Kintsch's C-I model is meant
neither to provide a generalizable fi-amework for representing
scientific conceptual understanding nor to imply that within-
student leaming progressions should necessarily be viewed in this
manner.

The simplest items involved direct recall of factual information
that had been explicitly stated in the texts (what Kintsch, 1998,
refers to as micropropositions; e.g., "chlorine is a type of ele-
ment"). Somewhat more sophisticated are inferences regarding

factual information implied but not explicitly stated in the texts
(macro-propositions; e.g., "the surface of the moon is similar to the
surface of the earth," which is a reasonable inference given the
description of the surface of the moon). Above this in sophistica-
tion is understanding of key conceptual "big ideas" of the text
(textbase macrostructure; e.g., "leaming about the moons of Jupi-
ter helped us understand that the Earth is not the center of the
universe"). Finally, there is application of integrated knowledge in
novel situations (the situation model; e.g., "how can you show that
a glow stick is not radioactive?"). Figure 1 presents the construct
map of progressively more sophisticated levels of understanding of
the text-based information.

Both multiple-choice and constructed-response items for the
two testing sessions were developed to target each of the levels
described in the construct map for both topics. Table 2 presents
samples for both sessions.

Quality control. The measures went through the same process
of editing as the experimental texts. The aforementioned expert
panels gave feedback on the content, format and wording of each
item. The 15 students involved in the pilot study also completed
the measures in "think-aloud" fashion; their verbal and written
responses were analyzed to ensure that it was variation in under-
standing of the targeted domain, and not variation in construct-
irrelevant factors such as the particular wording of the items, that
was giving rise to variation in item responses, and to guide further
revisions when this was not the case.

After edits and the removal of some test questions based on initial
pilot testing, a total of 16 questions were used for the Radioactivity
measure, and a total of 17 questions were used for the Seeing at a
Distance measure. These questions were divided into two forms each,
with approximately half of the items on each form.

Scoring guides for open-ended questions were developed, and
the authors of this study and a research assistant served as scorers.
Approximately half of the responses were blindly scored by at
least two raters. After initial training sessions, interrater reliability
(as estimated by Fleiss's kappa, with a simple dichotomous scoring
of 1 if raters agreed and 0 if they did not) of assigned scores
exceeded .90. Remaining differences in scoring were resolved
through discussion and consensus.

Procedure

Data collection occurred during the participants' science class
period, in the presence of the teacher. Students were randomly
assigned to one of four conditions'; in each condition, students
received the SDN version of one topic (Radioactivity or Seeing at
a Distance) and the expository version of the other. The order in
which texts were given was counterbalanced in a modified Latin-
square design (Topic X Genre X Order). The booklets themselves
were subtly color-coded to allow the researchers to keep track of
the condition. Following a silent reading session, each text was
collected by the teachers, and the students were asked to complete
the appropriate outcome measure (i.e., the items related to the topic

' To ensure the success of the randomization, the number of students of
each gender and ethnicity and mean levels of English language-arts pro-
ficiency were compared across all four groups. No significant differences
in any of these variables were observed.
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Level of Difficultv
Application of integrated
knowledge (Situation Model)

Key Conceptual "Big Ideas"
(Textbase Macrostnicture)

Inferences (Macro-
propositions)

Explicitly stated facts (Micro-
propositions)

Direction of S.^
increasing
Understanding
and Recall

Direction of
decreasing
Understanding
and Recall

Observations
Combines key conceptual ideas
from text to a novel situation
(e.g., show your fr-iend how a
glow stick is not radioactive)

Demonstrates key conceptual
ideas presented in the text (e.g.,
¡earning about the moons of
Jupiter helped us understand
that. . .)

Demonstrates understanding of
ideas not explicitly stated in text
(e.g., the surface of the moon is
similar to the surface of the Earth)

Demonstrates understanding of facts
explicitly stated in the text (e.g., chlorine
is a type of element)

Figure 1. Constmct map of understanding and recall of. experimental texts.

of the text). Students were also asked which of the texts they
, preferred. ,

Prior to the first session, we visited each participating classroom
to introduce the project. To mitigate the potential infiuence of
stereotype threat (Steele & Aronson, 1995), we attempted to in- ,
troduce the study in a way that encouraged students not to perceive
it as an evaluation. Instead, students were told their help was
needed to improve the quality of the texts and they were invited to
share any feedback they had. The outcome measures were framed
as tasks that helped us judge the quality of the texts. Unnecessary
technical and academic jargon was avoided.

Teachers were asked to give a ranking of their students by their
demonstrated knowledge (classroom performance). The four
teachers each provided a ranked list of their students from each of
their classes. Teachers confirmed that they mainly used student
grades for this determination and then made further judgments
about the relative performances of students with the same grades.

One week after the first session, teachers administered the
second form of the outcome measures in class. This second phase
of items was administered as a minimal check of retention, similar
to the procedures of Jetton (1994). The length of time between
testing sessions (1 week) was chosen simply to ensure that any
differences in demonstrated understanding of text information
overcame the initial 24-hr forgetting curve (Baddeley, 1999; Ebb-
inghaus, 1885/1913). Students did not revisit the texts during the
second session.

Results

The primary purpose of the study was to assess whether pre-
senting information encased in a scientific discovery narrative
rather than in traditional expositional format led to greater levels of
understanding. Investigation of this issue in the context of this
study requires that the outcome measures be considered valid
measures of understanding. Thus, in this section we briefly present
results from analysis of the measures, followed by a comparison of
results from the narrative and expository conditions.

Evaluation of Measures

The final step in the test-construction strategy advocated by the
BEAR Assessment System is the evaluation of the quality of
measures through psychometric models. In the present case, the
scales were designed with the intention of measuring unidimen-
sional, continuous latent person variables (understanding of the
two specific domains covered by the texts). Thus, the Rasch model
(Rasch, 1960/1980) was used for the purposes of both evaluation
of scale characteristics and estimation of latent person proficien-
cies. ConQuest (Version 2.0; Wu, Adams, Wilson, & Haldane,
2007) was used for all analyses.

Items on both the Radioactivity and Seeing at a Distance mea-
sures were analyzed both as a whole and separately for the two
forms. All items on both measures save one displayed adequate fit
to the Rasch model, with both infit (weighted) and outfit (un-
weighted) mean squared residual fit statistics falling between 0.8
and 1.2.̂  The sole misfitting item was discarded and is not re-
flected in the tables and analyses presented here.

Estimates of person-separation reliability (analogous to Cron-
bach's alpha in tme score theory models), along with the number
of items on each measure, are given in Table 3. Estimates are given
for each measure (Radioactivity and Seeing at a Distance) when all
items are calibrated together and when calibrated separately. The
lower apparent reliability of the separate calibrations can be ex-
plained by the lower number of items associated with these indi-
vidual administrations.

After correcting for attenuation due to measurement error, scores
on the California state English-Language Arts test (CST-ELA; esti-
mated reliability = .95; Educational Testing Service, 2008) were
estimated to coirelate with scores on the Radioactivity measure at /• =
.74 and with scores on the Seeing at a Distance measure at r = .62.

^ There are many mies of thumb for interpreting fit statistics; the range
given here (suggested by Bond & Fox, 2007, for high-stakes tests) is the
most conservative mle of which we are aware.
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Table 2
Sample Items for Both Sessions

Radioactivity Seeing at a Distance

Session 1
3. Not all of the items below are elements. Circle only the

elements, [eight substances and elements are listed]
4. Your friend shows you a glow stick and thinks it is radioactive

because it glows. Explain at least two ways to show your
friend that the glow stick is not radioactive, [open-ended]

3. Draw and label the parts of the Galilean telescope, [open-ended]

4. Use two of the following words to fill in the blanks in the
following sentence: "In order to clearly see details on distant
objects, the [concave] lens must have a greater curve
than the [convex] lens in a telescope."

Session 2
5. Radioactive elements are different from nonradioactive

elements. Write down all the possible ways that make
radioactive elements special, [open-ended]

6. Pitchblende is:
(a) an ordinary rock
(b) a radioactive element
(c) a radioactive rock
(d) a uranium element

5. Match the following two lenses with the correct label: [drawing
of two lenses]
(a) concave
(b) convex

6. Before Galileo, telescopes could only help us see ships in the
ocean 60 miles away. Write down all the possible ways that make
the Galilean telescope much more powerful, [open-ended]

Estimated correlations with teacher-ranked performance in science
were r = .37 for Radioactivity and r = .54 for Seeing at a Distance.
(The correlation between the CST-ELA and teacher-ranked science
performance was estimated at r = .50.) These estimated correlations
are consistent with the theory that the scales developed for this study
measure domains of academic performance but are not synonymous
with overall science performance or knowledge.

Comparison of Conditions

Given the design of the study, and given the assumption that the
outcome measures are valid measures of understanding, an effect of
condition (narrative vs. nonnarrative) would be apparent in group-
level mean differences on the measures.' In Table 4, the average raw
score"* for students on each of the four measures is shown for students
from each of the two main conditions. As can be seen, there was a
statistically significant difference between the SDN and nonnarrative
conditions for Seeing at a Distance text at the first testing and for both
topics at the second testing. The standardized mean differences be-
tween the two conditions were noticeably larger at the second testing
(as large as one and a half standard deviation units).^

Interactions

We also investigated the interactions between the effects of
treatment and school, and treatment and grade level, to explore the

Table 3
Number of Items and Estimates of Person-Separation Reliability

Measure # Items Estimated reliability

Radioactivity, total
Radioactivity, Time 1
Radioactivity, Time 2
Seeing at a Distance, total
Seeing at a Distance, Time 1
Seeing at a Distance, Time 2

16
8
8

17
8
9

.82

.72

.68

.79

.62

.69

possibility that exposure to the SDN could exert a stronger infiu-

ence on performance for certain groups of participants. In this

sample, school is confounded with both ethnicity and socioeco-

nomic status, as the vast majority of non-Caucasian (specifically.

Latino and African American) students were enrolled at Oaks

Middle, which was the more economically disadvantaged of the

two schools.

Multiple regression models were fit, with raw scores on the

outcome measures regressed on a dummy variable for condition (1

if narrative, 0 if nonnarrative), a dummy variable for school (1 if

Ocean Middle, 0 if Oaks Middle) or grade (1 if eighth grade, 0 if

seventh), and an interaction term formed by the product of the first

two variables.

Note. Reliability was estimated as Rasch person-separation reliability
(directly analogous to Cronbach's alpha in true score theory).

' The clustered design of the study (209 students sampled from nine class-
rooms) indicates that the independence-of-observations assumption of para-
metric statistical models is probably violated to some extent and that standard
errors could negatively biased as a result. To investigate possible problems
with such dependencies, we employed one-way random effects analyses of
variance to calculate the intraclass correlation coefficients (ICCs) of the
Rasch-scaled test scores. It was found that neither of the ICCs (for either the
Seeing at a Distance or the Radioactivity measures) were statistically signif-
icantly greater than zero. Thus, within-class dependency is not likely to be a
significant source of bias in the results presented in this article.

" Raw score was calculated by taking the sum of the score of each item.
Dichotomous items were scored 0/1; items on which partial credit was
available were scored using fractional values (e.g., 0/.5/1).

' The results described here were replicated using latent regression models
(Adams, Wilson, & Wu, 1997) via ConQuest. These models can be seen as
latent variable extensions of simple i tests, with the difference that latent
regression models directly estimate the impact of predictors on a latent vari-
able, thus controlling for measurement error, and avoiding problems with
attenuation associated with the two-step procedure of first estimating student
scores and then treating such scores as observed variables in a standard
statistical model. In the present case, results from these analyses (available
from the authors) closely mirrored the presented results from raw-score dif-
ferences; the same pattem of statistical significance was observed, and effect
sizes were similar to a margin of error of approximately 10%.
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Table 4
Average Raw Score of Students in Each Condition

Measure

Radioactivity, Time 1
Radioactivity, Time 2
Seeing at a Distance, Time 1
Seeing at a Distance, Time 2

Narrative

Seeing at a Distance
M{SD)

5.85 (2.39)
4.32(2.12)
6.54(2.01)
7.00(1.98)

version

Radioactivity
M (SD)

6.21 (1.93)
5.15(1.75)
4.52(2.19)
4.17(1.82)

Difference
M (SE)

.37 (.30)
.84" (.14)

2.02" (.29)
2.83" (.20)

Standardized
difference

(effect size)

.17

.42

.96
1.49

Note. The sample size was N = 209 at Time 1, and N = 192 at Time 2
"p < .01.

As can be seen in Tables 5 and 6 findings revealed significant
interactions between both condition and school and condition and
grade. The models shown in Table 5, which investigate the inter-
action between treatment and school, show that the effect of
treatment was significantly higher for die students at Oaks Middle
School (the higher poverty, more predominantly Latino and Afri-
can American school) for both of the Radioactivity and die first of
the Seeing at a Distance outcomes.

As is shown in Table 6, there was a negative Grade X Treatment
interaction for the second testing of Radioactivity. This effect
(-.66) is of approximately the same magnitude as the main effect
of treatment (.64); this can be interpreted as indicating that there
were no effects of treatment for either Radioactivity outcome for
the eighth grade participants. The seventh grade participants, how-
ever, did benefit from the SDN version for this topic.

Discussion

Results from this study provide evidence in support of the hj^oth-
esis that middle school students benefit from reading texts that high-
light the process of discovery. This appeared to be especially true for
the seventh grade students and the students at the more economically
disadvantaged, predominandy non-Caucasian school. The addition of
narrative qualities to otherwise matched texts allowed for a direct test
of the hypothesis that such qualities would serve as a distraction rather
than a supportive element to the reader. Thus, this study sought to
invesdgate the importance of highlighting the emotional values and
intentions of sciendsts in scientific texts.

The fact that the narrative versions were longer than their
expository counterparts could be considered a limitation to the
study, as it could be argued that students in the narrative conditions
simply spent more time on task than their nonnarrative counter-
parts. Here we would note that die purpose of the study was
precisely to determine whether the inclusion of narrative elements
does constitute time on task, rather than serving as an irrelevant or
negative distraction.

Resuhs suggest that the SDN supports retention of science
conceptual information beyond the inifial 24-hr forgetting
curve. Further, the interactions between treatment and school
suggest that students from non-Caucasian or less socioeconom-
ically advantaged backgrounds benefit more from reading sci-
ence texts that highlight discovery. However, it is important to
acknowledge two significant limitations in this analysis. First,
the design of this study and the resulting number of non-
Caucasian participants was not great enough to allow for any-
thing more than the crudest of comparisons of cultural affilia-
tion. Further, it was not possible to separate ethnic minority
status and socioeconomic status for this study. Future research
could address this confound.

The interaction between grade and treatment for the Radioac-
tivity texts indicates that seventh grade participants benefited sig-
nificantly more than eighth grade participants from receiving the
narrative text version. One possible explanation for this may be
found in the fact that, as discussed previously, many of the eighth
grade students had recently finished a school unit related to chem-
ical reactions and could be presumed to possess higher levels of

Table 5
Standardized Regression Coefftcients of Outcome Measures on
Treatment, School, and Their Interaction

Treatment School
(SDN/non- (Ocean = 0, School X

Outcome SDN) Oaks = 1) Treatment

Recall I Radioactivity
Recall II Radioactivity
Recall I Seeing at a Distance
Recall n Seeing at a Distance

0.02 (.06) -1.18 (.19)" .55(25)*
0.08(.13) -1.18(.17)" .91 (.25)"
0.67 (. 14)" -0.42 (. 18)" .52 (.26)'
1.20 (.13)" -0.36 (.17)" .36 (.25)

Note. Standard errors are in parentheses. The sample size was N = 209
at Time 1, and N = 192 at Time 2. SDN = scientific discovery narrative.
V 0 5 " Q

Table 6
Standardized Regression Coefftcients of Outcome Measures on
Treatment, Grade, and Their Interaction

Outcome

Radioactivity, Time 1
Radioactivity, Time 2
Seeing at a Distance, Time 1
Seeing at a Distance, Time 1

Treatment
(SDN/non-

SDN)

0.21 (.18)
0.64 (.15)"
0.79 (.16)"
1.35 (.15)"

Grade Level
(7th grade = 0,
8th grade = 1)

0.71 (.20)"
0.93 (.16)"
0.46 (.17)"
0.34 (.16)"

Grade X
Treatment

0.04 (.28)
-0.66 (.24)"
-0.04 (.25)

0.13 (.23)

Note. Standard errors are in parentheses. The sample size was N = 209
at Time 1, and N = 192 at Time 2. SDN = scientific discovery narrative.
"p < .01.
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relevant knowledge prior to the experiment; such students would
presumably do well regardless of genre of text. Differences in prior
knowledge could also at least partially account for the Treat-
ment X School interaction, as students in the more economically
advantaged school could also be expected to be more likely to do
well regardless of treatment. However, as individual levels of prior
knowledge were not assessed in this study, these explanations
remain speculative.

Overall, students indicated a preference for the Radioactivity
text over the Seeing at a Distance text, suggesting that the former
text was more inherently interesting, regardless of genre. The
greater differences between the outcomes for the narrative and
nonnarrative versions of the Seeing at a Distance text may then be
due in part to the fact that the topic of radioactivity was more
engaging to begin with, and thus the narrative encasement did not
matter as much. In particular, even the nonnarrative version of the
Radioactivity text included a discussion of mortality, a very funda-
mentally human concem, though it did so in general terms rather than
through the personal examples of Marie Curie and her husband.

The precise cognitive and affective mechanisms through which
presentation of information in the form of a discovery narrative
benefits leaming are still not fully clear. However, empirical findings
on the personalization principle and visible author converge on the
idea that personal reader-to-text connections result in greater atten-
tiveness to conceptual content. We suggest that the SDN exposes the
readers even more to the humanness of science, which encourages
greater invested attention on the part of students, in that the readers
have the opportunity to vicariously experience the scientific joumey
of discovery. This increased interest and attention can facihtate deeper
understanding and recall of the pertinent information.

SDNs highlight the process of discovery, and as such may be
even more useful when the explicit goal of instruction is to
teach about the process of science in addition to or instead of its
content. We note that this point is not addressed directly in this
study; the outcome measures were constructed carefully to
assess only knowledge that could be gained from either version
of each text, and therefore do not directly assess the student's
understanding of the scientific process. Nonetheless, SDNs may
be valuable in their own right in that they bring more focus to
the process of discovery of scientific information, especially in
light of the empirical findings that suggest a lack of understand-
ing about the process of acquiring and constructing scientific
knowledge (i.e., nature of science as a way of knowing) among
elementary students and teachers alike (Akerson & Abd-El-
Khalick, 2005; Gallagher, 1991; Griffiths & Barman, 1995;
Lederman, 1992; Moss, 2001). If teaching students about the
process of science (in addition to its content) is a goal, the SDN
will surely be of even more value than these results illustrate.

We noted in the introduction to this article that students and
teachers alike often have little knowledge about science as a way
of leaming something about our world. We also noted different
strands of scholarship both in favor of and against the inclusion of
narratives in education. In this study, we hope to have contributed
to this discussion by showing how a particular form of narrative—
one that presents science as a human process of discovery—can
lead to greater levels of conceptual understanding and knowledge
retention. We hope future investigations involving issues of genre
consider this broader perspective on narrative.
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