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Abstract
The use of texts is an indispensable resource for students’ learning, especially in science 
domains. While developing understanding of a specific topic usually is the main goal of reading 
expository texts, an important consideration is how to best measure whether this understanding 
has been reached. In this study, we aimed to analyze gains in students’ reading comprehension 
based on reading three expository texts on chemistry and physics topics. By means of a pre–
post design, we assessed the reading comprehension of 261 eighth grade students with regard to 
three levels of reading comprehension. Latent change scores were estimated to analyze changes 
in students’ total test scores, while also calculating difference scores based on the single items. 
Results indicate that students’ topic-related comprehension increases from pre- to posttest, 
while gains seem to be limited to word and sentence level questions. In line with other studies, 
these findings stress that students would benefit from explicit strategy instruction, at least when 
learning from reading is the goal of using science texts in classrooms.

Keywords  Reading comprehension · reading assessment · expository texts · reading-to-
learn

Introduction

A central instructional resource to support the acquisition of knowledge is the use of texts. 
This is especially true in the science domains, where the subject matter gets increasingly 
abstract and complex so that detailed verbal descriptions are indispensable (Pearson et al., 
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2010; Phillips & Norris, 2009; van den Broek, 2010). While developing understanding of a 
specific topic usually is the main goal of reading expository texts, an important considera-
tion is how best to measure whether this understanding has been reached or not (Ahmed 
et al., 2016). Typically, summative assessments, often in the form of topic or content area 
tests (McCarthy et  al., 2018), are employed after reading to ask readers to demonstrate 
their comprehension of the text. However, the question of gains in students’ comprehension 
by reading a text is more difficult to answer (Beker et al., 2017). The present study aims to 
provide additional insights to this question by analyzing to what extent students’ reading of 
three expository texts on chemistry and physics topics results in significant gains in com-
prehension as measured by a topic-related pre- and posttest and to what extent students’ 
gains in comprehension differ between three levels of text comprehension, i.e., verbatim, 
propositional, and situation model.

Theoretical Background

Models of Text Comprehension

Different models of text comprehension can be found in the literature, each placing dif-
ferent emphases on specific cognitive processes that lead to the construction of a mental 
representation of a text (McNamara & Magliano, 2009). According to the construction-
integration model (Kintsch, 1992; Van Dijk & Kintsch, 1992), reading can be conceptual-
ized as the interaction between person and text. This interaction results in multiple levels 
of (mental) text representation that vary in terms of their abstraction in relation to the text 
at hand. Van Dijk and Kintsch (1992) distinguish between the three levels of words and 
phrases (i.e., the surface structure of single words and phrases as well as linguistic relations 
between them), semantic and rhetorical structure (i.e., relationships between sentences and 
sections of the text), and deep understanding. The highest level of understanding is reached 
when information provided by the text is elaborated and integrated with the reader’s prior 
knowledge. This process results in a so-called situation model of the text (Kintsch, 1992; 
Schnotz, 2014), which consists of both inferences made from the text as well as informa-
tion from the reader’s knowledge base. In this context, the generation of inferences estab-
lishes connections between the currently read text and the previously read text or the back-
ground knowledge of the reader (Kraal et al., 2019).

Assessing Levels of Text Comprehension

With regard to comprehension outcomes, multiple approaches to conceptualize and to 
assess text comprehension can be found in the literature, ranging from rather superficial 
to deep understanding. The seminal works by van Dijk and Kintsch and the distinction 
between different levels of text comprehension have influenced a lot of research, albeit with 
different adaptions or labels. Schiefele (1999) distinguishes between the verbatim, propo-
sitional, and situational levels of text processing. However, topic-related prior knowledge 
(measured by factual multiple-choice items) was not significantly related to any component 
of text representation.

Ozuru et  al. (2009) examined how text features (i.e., cohesion) and individual differ-
ences (i.e., reading skill and prior knowledge) contribute to text comprehension. By 
means of constructed-response items, the authors aimed to assess different levels of text 
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comprehension: text-based (requiring retrieval of “information explicitly stated within a 
sentence”); near- or local-bridging (requiring an “integration of information located within 
five clauses across multiple sentences (generally adjacent sentences)”); and far- or global-
bridging (requiring “the integration of information located across larger distances, more 
than five clauses apart, and more than two sentences apart”; Ozuru et al., 2009, p. 230). 
Findings indicate that prior knowledge seems to play out stronger in global-bridging ques-
tions that require a more extensive integration of information (see Kintsch, 1992). With 
regard to text-based and local-bridging questions, the influence of general reading skill was 
larger, though still small compared to the effect of prior knowledge. The authors conclude 
that a deeper comprehension of a text (in terms of integrating the meanings of multiple 
sentences) is primarily determined by the knowledge participants already possess prior to 
reading (see Hwang, 2019; van den Broek, 2010).

In a similar approach, Ozuru et al. (2010) constructed open-ended questions to tap the 
three different levels of text-based, local-bridging, and global-bridging inferences. Results 
of an ANOVA revealed a main effect of the questions’ comprehension level, indicating that 
student scores decreases from text-based to global-bridging questions, even when taking 
the student’s prior knowledge and reading skill into account.

Learning and Comprehension

Generally, the process of creating a meaningful and coherent mental representation of a 
text during reading (i.e., text comprehension) and the process of encoding this information 
in long-term memory (i.e., learning) can be distinguished. Although text comprehension 
also involves retrieving and integrating information from long-term memory while build-
ing a mental representation of the text, learning is considered to reflect a relatively perma-
nent change in the readers’ knowledge structure itself (van den Broek, 2010). With regard 
to different levels of text comprehension, it is often argued that “it is only the situation 
model that represents ‘real’ learning, whereas the verbatim and propositional representa-
tion reflect text memory or superficial learning” (Schaffner & Schiefele, 2007, p. 756).

As sketched above, creating a situation model of a text requires the reader to infer unstated 
or implied relationships based on their background knowledge and thus to integrate their 
knowledge with information extracted from the text. Consequently, background knowledge not 
only plays an essential role in most theories of text comprehension (McNamara & Magliano, 
2009) but also in theories of learning (Bransford et  al., 2000; Kendeou & O’Brien, 2016). 
In addition, empirical findings indicate that background knowledge impacts both textbase 
(Bransford & Johnson, 1972) as well as situation model understanding (McNamara & Kintsch, 
1996). This is especially true when the new, text-based information contradicts the concep-
tions the reader already had before reading it (Penttinen et al., 2013).

In contrast to a view of reading as simple word recognition and information extraction, 
reading is also conceptualized as inquiry process (Norris & Phillips, 2008). According to 
this view, reading is a principled interpretation of the text. Deriving meanings from the text 
and integrating the textual information with relevant background knowledge corresponds to a 
search for meaning in the text in which justifications are provided, implied, and comprehen-
sibly justified. Knowledge of a subject prior to reading is useless to a reader unless the reader 
recognizes the relevance of that knowledge by drawing inferences between the knowledge and 
the text (Phillips & Norris, 2009).

Overall, the generally assumed interrelation between text comprehension and learning is 
supported in numerous studies, by both theoretical arguments and empirical evidence. Also, the 
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major influence of prior knowledge on both text comprehension and learning is well grounded 
in the literature. However, the predominant use of overall scores for either background knowl-
edge or for text comprehension (or both) in most studies makes it difficult to evaluate gains 
in text comprehension based on reading expository texts (Beker et al., 2017; McCarthy et al., 
2018). This in turn stresses the importance of capturing different levels of text comprehension. 
However, levels of text comprehension are not independent of each other (Schnotz, 2014; Van 
Dijk & Kintsch, 1992). Establishing a situation model of the text requires both the text base as 
well as the reader’s knowledge base. Thus, measures for different levels of text comprehension 
might be more or less indicative for changes in students’ mental representation of a text during 
reading (i.e., text comprehension) (Gasparinatou & Grigoriadou, 2013).

The Present Study

The present study aims to provide additional insights by analyzing students’ gains in compre-
hension based on reading expository science texts to answer the following research questions:

1.	 To what extent does students’ reading of science texts result in significant gains in 
comprehension as measured by a topic-related pre- and posttest?

2.	 To what extent do students’ gains in comprehension differ between the three levels of 
comprehension?

Based on the theoretical considerations sketched above, we expect significant gains in 
students’ comprehension from pre to post based on reading different science texts. However, 
some measures are assumed to be more indicative of text memory (e.g., text-based ques-
tions), while other measures are assumed to be more sensitive to “‘real’ learning” (Schaffner 
& Schiefele, 2007, p. 756). As multiple studies indicate that answering text-based questions 
requires less processing from the reader than answering inference questions (Gasparinatou & 
Grigoriadou, 2013; Ozuru et al., 2007), we expect smaller gains on higher levels of compre-
hension. However, significant gains should be noticeable on all three levels of text compre-
hension to be able to speak of a deeper understanding of the subject matter by reading the 
different texts, instead of a mere reproduction of text elements (Beker et al., 2017; Van Dijk & 
Kintsch, 1992).

Method

Sample

Data were collected in Germany in 2017. We draw on a sample of N = 261 students from 
grade eight (37.5% female; age: M = 14.97, SD = 0.82), attending different secondary 
schools in a larger metropolitan region. Participation was voluntary after the participants’ 
caretakers provided written consent. Students were also informed that they could drop out 
of the study at any time without consequences.

We intentionally used introductory texts to different topics in the eighth grade which 
had not been taught to the students participating in this study. The underlying rationale was 
to reduce the variation in the students’ prior knowledge, which is why we also expected 
the students to have little prior knowledge (McCarthy et al., 2018). A lower level of prior 
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knowledge was assumed to also ensure that there was at least some potential for compre-
hension gains and that students’ would not be at the ceiling. However, the selected topics 
are curricular valid with regard to the students’ grade level.

Measures

We decided to use introductory texts from science textbooks. Three texts were adapted 
from high school textbooks (one in the context of physics, two in the context of chemistry). 
The first text was about atomic physics, while the other two texts focused on acids and 
bases and chemical reactions, respectively. All three texts address curricular valid content 
and were not changed in terms of language. However, if applicable, graphic elements and 
possibly references to them were removed in order to focus on students’ text comprehen-
sion. Linguistically, the texts can be characterized by a high information density and lin-
guistic economy (complex prepositional phrases, nominalizations and attributions, resump-
tion through abstracts and substitutions, multiple technical terms) as well as grammatical 
constructions typical for science texts (passive voice and impersonal sentence construc-
tions). Texts were of about equal length (467 to 481 words) and in German language (see 
Supplemental material).

For each text, items were constructed and piloted that represent three levels of text com-
prehension according to typical frameworks (Kintsch, 1994; Ozuru et al., 2009; Schaffner 
& Schiefele, 2007; Schiefele, 1999). For the first type of question (verbatim), students were 
to extract information from single sentences. For the second type of question (proposi-
tional), students were to draw inferences between at least two sentences. For the third type 
of question (situation model), students were to integrate information from the text and their 
prior knowledge into a situational model of the text. For each text, 13 to 15 questions (42 
items in total) were administered, identical in pre- and posttest and comprising both multi-
ple-choice and constructed-response items (see Supplemental material for example items). 
The order of question levels within each test was randomized.1 With regard to the sample 
of eighth grade students, we expected little prior knowledge to all three topics as these are 
usually taught later than our study took place.

Procedure

The pretest to measure students’ topic-related knowledge prior to reading took place 
about 2 weeks before the students read the three science texts. After reading the texts, we 
assessed the students’ topic-related knowledge of the three science texts again.

Analytical Strategy

Each student answered 42 items (13 to 15 per text; cf. Table 1) and students’ answers were 
coded as correct (1) or incorrect (0) based on a predefined rubric. Data was analyzed by 
means of confirmatory factor analysis. First, we employed a one-factor model per meas-
urement point (pre, post) to infer the models’ fit to the data. After ensuring measurement 

1  Besides, general reading measures (general reading comprehension of narrative texts, vocabulary knowl-
edge, inferences, and reading strategies) were administered to students, but results on these measures are 
beyond the scope of this manuscript.
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invariance, we then examined whether students’ performed differently over time (i.e., 
before and after reading) before researching indications of gains in text comprehension. 
For this purpose, we estimated univariate latent change score models (LCSM; McArdle, 
2009) on students’ pre- and posttests (reflecting changes in students’ total test scores) to 
investigate students’ overall gains in comprehension by means of structural-equation mod-
eling (SEM). In this model, the difference between the two latent variables at two measure-
ment points (i.e., students’ pre- and posttest scores, respectively) is estimated as a third 
latent variable which represents the part of the posttest variable which is not identical to 
the pretest variable, i.e., the latent change variable mimics the result of a subtraction of the 
pretest score from the posttest score (cf. Fig. 1; McArdle, 2009).

Based on true individual change models (TICM; Steyer et al., 2014), which are a reparametri-
zation of LCSMs, we again estimated the change in students’ total test scores from pre to post-
test, albeit with a focus on the mean structure (Fig. 2). In a TICM, all items (pre and post) load 
on a knowledge factor and post items additionally load on a gain factor. While factor loadings 
of identical items (pre/post) on the knowledge factor are restricted to be equal, factor loadings 
on the gain factor are freely estimated. In addition, residuals of identical items (pre/post) were 
allowed to correlate (correlated uniqueness approach). Based on this model, we also estimated 
differences in item thresholds between pre- and posttest for all items. These threshold differences 
reflect whether an item has become easier (i.e., solved more frequently; negative value) or harder 
(i.e., solved less frequently; positive value) from pre to post. These shifts in the difficulty of items 
were taken to indicate gains in comprehension based on reading the science texts.

While estimating the LCSM and the (structural model of the) TICM aims to provide results 
with regard to changes in students’ total test scores from pre to post, the additional estimation of 
differences between item thresholds provides insights into changes of students’ answer patterns 
with regard to single items. Estimating these differences while taking measurement error into 
account is a benefit of the SEM framework, as opposed to manifest approaches such as analysis 
of (co)variance (McArdle, 2009). Also, this approach makes it possible to estimate confidence 
intervals for these threshold differences to indicate the “security” of the students’ gains in com-
prehension that are assumed to be reflected by these differences.

All SEM analyses were conducted in Mplus 8 using the robust weighted least squares 
mean and variance (WLSMV) estimator and theta parameterization. In addition, the corre-
lated uniqueness approach and latent standardization method were employed (Little et al., 

Table 1   Descriptive statistics for the pre- and posttests

MP, measurement point; n, numer of items; Min, minimum; Max, maxium; M, mean; SD, standard devia-
tion

MP n Min Max M SD McDonald’s ω

Levels of 
comprehen-
sion

Level 1 – verbatim pre 13 0 0.77 0.33 0.16 0.51
post 13 0 1 0.5 0.21 0.72

Level 2 – propositional pre 13 0 0.85 0.32 0.16 0.50
post 13 0.08 1 0.48 0.19 0.61

Level 3 – situation model pre 16 0 0.81 0.36 0.15 0.58
post 16 0 0.88 0.39 0.17 0.66

Total pre 42 0.02 0.76 0.34 0.13 0.76
post 42 0.12 0.88 0.45 0.16 0.84
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2007) to control for systematic measurement error and to scale the latent factors. Common 
thresholds were used for the comparative fit index (CFI > .90 indicating acceptable, CFI > 
.95 excellent fit) and the root-mean-square error of approximation (RMSEA < .08 indicat-
ing acceptable, RMSEA < .06 good fit) (Hu & Bentler, 1999).

Fig. 1   Latent change score model with two latent factors (T1, T2) for the two measurement occasions (pre- 
and posttest) based on the same set of indicators (X1 to Xn). Change between measurement occasions is 
modeled as an additional latent factor (Δ), including covariation of change with the initial factor (ϕ1Δ). Fac-
tor loadings of identical items (pre/post) are restricted to be equal across measurement occasions. Residuals 
are allowed to correlate between measurement occasions

Fig. 2   True individual change model with two latent variables reflecting students’ pretest score (T1) and 
the true change score from pre- to posttest (T2–T1), respectively (cf. Steyer et al., 1997). Factor loadings of 
identical items (pre/post) on the first latent variable are restricted to be equal, factor loadings on the change 
factor are freely estimated. Residuals are allowed to correlate between measurement occasions
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Reliabilities at each of the three levels of comprehension were below common thresh-
olds, while the total test across all topic areas and levels of understanding features suffi-
ciently high reliabilities (cf. Table 1). With regard to the students’ total scores, descriptive 
results indicate low prior knowledge (total mean score of .34) and small gains from pre to 
post (total mean score of .45), but also substantial variation between students. Accordingly, 
some students solved hardly any items (indicated by a minimum value of 0), while some 
students answered all items correctly (in the posttest).

Results

As a first step, students’ answers to pre- and post-tests were jointly modeled in a two-factor 
CFA model with acceptable fit indices (CFI = .916, RMSEA = .016, WRMR = 1.005). Inter-
correlations between the two factors (i.e., measurement points) are high (r = .91). Composite 
reliabilites indicate high internal consistency for both factors (T1: .83; T2: .90) 2.

Gains in Overall Text Comprehension

We conducted a latent change score model (LCSM) to investigate students’ gains in text 
comprehension from pre- to posttest. Based on partial strong measurement invariance (cf. 
Supplemental material), we strived to establish longitudinal structural equivalence to test 
for changes in latent means and for the impact of the pretest score on this change over 
time. The model indicates an adequate fit to the data (CFI = .90, RMSEA = .017, WRMR 
= 1.062).

The results of the LCSM indicate a latent mean value of Mpre = 2.02 (SE = 0.38) and a 
latent change of Mchange = 0.37 (SE = 0.05). Moreover, the change of students’ text com-
prehension from pre- to posttest seems to be uncorrelated with the pretest scores (r = 
–0.04, p = .53).

Gains in Text Comprehension on Different Levels of Comprehension

Based on a true individual change model (Steyer et al., 2014), differences of item thresh-
olds between pre- and posttest were estimated. As a complement to this model, thresholds 
for all items (pre and post) were estimated and subtracted (post minus pre) to calculate 
a difference score that reflects whether an item has become easier (i.e., solved more fre-
quently; negative value) or harder (i.e., solved less frequently; positive value) from pre to 
post. Also, 95% confidence intervals were estimated for these difference scores (cf. Fig. 3).

The model indicates a good fit to the data (CFI = .914, RMSEA = .016, WRMR = 
1.008). Based on the estimated item thresholds, difference scores from pre to post were 
analyzed (cf. Table 2). On average, almost identical mean difference scores for verbatim 
(mean difference M = –.53, significantly different from 0 according to Wald test, χ2(1) = 

2  Three-dimensional models with separate factors per topic area partially provided a slightly better fit to 
the data. However, intercorrelations between the different topic areas within measurement points were high 
(latent correlations form CFA models [.65; .93]) and composite reliabilities of the single dimensions in the 
three-factor CFA models were substantially below common thresholds. Hence, the following analyses are 
conducted based on one-dimensional factor-models by combining the test results from different topic areas.
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192.08, p < .001) and propositional questions (mean difference M = –.56, significantly dif-
ferent from 0 according to Wald test, χ2(1) = 146.83, p < .001), while difference scores for 
situation model questions are close to zero (mean difference M = – .06, not significantly 
different from 0 according to Wald test, χ2(1) = 2.09, p = .15).

By means of ANOVA, we analyzed whether topic area and/or question level had an 
effect on students’ comprehension gains (cf. Table 3). The effect of comprehension level is 
significant (F(2, 32) = 9.51, p < .001) and can be considered as large (partial ω2 = 0.30). 
Both the effect of topic area (F(2, 32) = 1.89, p = .17, partial ω2 = 0.04) and the interac-
tion between comprehension level and topic area are not significant (F(4, 32) = 2.51, p = 
0.06, partial ω2 = 0.13).

While especially the factor of comprehension level explains a substantial amount of 
variance (partial η2 = .37, partial ω2 = .29), there is still substantial variation between 
items within the three levels of text comprehension. Notably, variance is smallest for situa-
tion model items. Here, 95% confidence intervals for 10 out of 15 items indicate difference 
scores not significantly different from zero, while two items even indicate negative shifts 
from pre to posttest, i.e., students on average performed worse on these items after reading 
the texts.

Discussion

In this study, we aimed to analyze students’ gains in comprehension based on read-
ing expository science texts. Based on overall test scores, the mean values for students’ 
topic-related text comprehension indicate significant gains from pre to post. This is in 
line with other studies that applied topic-related knowledge tests (McCarthy et al., 2018; 
Ozuru et al., 2009). However, most of these studies report findings based on correlations or 

Fig. 3   Difference in item thresholds from pre to post and corresponding 95% confidence interval for all 
items of each of the three question levels (verbatim, propositional, and situation model) and topic areas 
(atomic structure – red; chemical reaction – blue; acids/bases – green)

Table 2   Mean difference scores 
for items addressing different 
levels of text comprehension

Topic area Level 1 (verbatim) Level 2 
(proposi-
tional)

Level 3 
(situation 
model)

Acids & bases –0.63 –0.44 –0.07
Atomic structure –0.58 –1.05 0.05
Chemical reaction –0.40 –0.28 –0.13
Total –0.53 –0.56 –0.06
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regression, aiming at providing evidence for the effect of prior knowledge on students’ text 
comprehension (Ahmed et al., 2016; Hwang, 2019). In addition, most studies conceptual-
ize, on the one hand, students’ prior knowledge in terms of a rather broad and more general 
understanding of the domain or topic and, on the other hand, their understanding of the 
specific content of the text, which is often seen as much more focused and fine-grained 
(McCarthy et  al., 2018; Ozuru et  al., 2009), making it difficult to compare the results 
reported here to other findings.

Desiron et  al. (2018) assessed students’ comprehension about two scientific phenom-
ena (tsunami, drought) by using the same multiple-choice items pre and post. Students’ 
answers were coded and then used to calculate their relative knowledge score to capture 
“the knowledge gain as a percentage of the potential learning gain” (Desiron et al., 2018, 
p. 472). When applying this approach to the results reported here, students’ posttest scores 
were on average about 20% higher than their pretest scores (ranging 18 to 24% between 
topics), which is somewhat lower than the values of 28 to 38% reported in Desiron et al. 
(2018). While this discrepancy might be due to differences in item format and student age, 
both the study by Desiron et al. (2018) and the present study support the claim that reading 
expository texts results in “a significant increase in pupils’ knowledge between pre-test and 
immediate post-test” (Desiron et al., 2018, p. 465).

With regard to changes in students’ answers to single items, the conclusions with 
regard to gains in text comprehension become more pronounced. Students’ overall gains 
seem to be predominantly based on word and sentence level questions, while questions 
on the level of the situation model indicate no gains.

According to Gasparinatou and Grigoriadou (2013), text-based questions are more 
indicative of text memory while inference questions are more sensitive to learning (see 
Schaffner & Schiefele, 2007) or comprehension (see Beker et al., 2017; Kintsch, 1992). 
From this perspective, students participating in this study may have memorized some 
information from reading the three texts, but they may not have learned a lot of new 
information (cf. Ozuru et al., 2009). As such, it is questionable whether students actu-
ally were able to develop a situation model of the text and to integrate text content to 
their own prior knowledge (Kintsch, 1988), which is considered necessary to be able to 
apply this information from the text to solve novel problems or to answer complex ques-
tions (Beker et al., 2017). As only the situation model is often considered to represent 
“‘real’ learning” (Schaffner & Schiefele, 2007, p. 756), the conclusion here is rather that 
based on reading the three expository texts no learning or only superficial learning has 
actually taken place.

A possible reason might be, as indicated by observational classroom studies, that “sci-
ence is taught through lecture, demonstrations, or textbooks that are designed to ‘deliver 
content’ to students rather than actively engaging students in the work of making sense of 

Table 3   One-way analysis of variance of difference scores by comprehension level and topic area

MS, mean squares

df MS F p η2 partial η2 ω2 partial ω2

Comprehension level 2 1.12 9.51 < .001 0.29 0.37 0.26 0.29
Topic area 2 0.22 1.89 .17 0.06 0.11 0.03 0.04
Interaction 4 0.30 2.51 .06 0.16 0.24 0.09 0.13
Residuals 32 0.12 – – – – – –
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science phenomena” (Goldman et al., 2016, p. 231). As a result, students are accustomed 
to searching scientific texts for information rather than engaging intellectually with texts 
to develop deeper understanding (Berland & Hammer, 2012), resulting in surface and text 
base level representations of the text content.

The low level of students’ prior knowledge (as discussed above) might have been the 
limiting resource in developing a deeper understanding (Hwang, 2019; McCarthy et  al., 
2018). As students were unfamiliar with the topics addressed in the different texts, they 
might have simply lacked substantial prior knowledge or they might have had problems in 
activating their prior knowledge relevant to the topics at hand. As expository texts tend to 
place higher processing demands on the reader, due to structural complexity, information 
density, or abstract and logical relations (Penttinen et al., 2013), students might not have 
had enough cognitive resources to elaborate on the information provided by the text and to 
integrate this information with their prior knowledge (Hwang, 2019).

Overall, the results presented here raise questions regarding the effects that the composi-
tion of tests and the analytical strategy that either picks up or ignores this composition have 
on conclusions regarding students’ comprehension from reading expository texts (McCarthy 
et al., 2018). Despite numerous studies in the field of text comprehension, it is still difficult 
to accurately diagnose a readers’ “true” comprehension of a text and how this comprehension 
changes over the course of reading. While the adequacy of common textbook texts to support 
students’ learning is frequently considered low (Härtig et al., 2019), findings from this and 
other studies stress that students would benefit from explicit strategy instruction (Dori et al., 
2018; Jian, 2020; McNamara & Kintsch, 1996), at least when “our concern is not whether 
students recall the textbook but whether they learn from it.” (Kintsch, 1994, 295). However, 
engaging students to use science texts as a resource for scientific inquiry requires fundamental 
changes in science education (Goldman et al., 2016; Greenleaf & Valencia, 2017), pertaining 
to the perception of texts use in classroom by teachers, the quality of the texts available for 
science instruction, and both students’ and teachers’ literacy skills with regard to reading, writ-
ing, teaching, and learning from science texts (Pearson et al., 2010).

Limitations

As we intentionally used introductory texts in this study, the overall low scores in the tests 
as well as low reliabilities of the topic-specific tests may not be surprising. Students proba-
bly had only little prior knowledge that they could draw upon when both answering the test 
questions and when reading the three texts. This might limit the generalizability of the find-
ings as results might differ when employing texts that are more closely related to students’ 
prior knowledge (Kintsch, 1994). However, both the selected texts and the selected topics 
are curricular valid with regard to the students’ grade level. It can therefore be assumed 
that the content of the texts was appropriate for the target group.

For the purpose of studying gains in comprehension through reading, we employed the 
same test before and after reading the different texts. Applying the same measure twice, 
however, might result in re-test effects due to sensitization or selective activation of ele-
ments in students’ prior knowledge by specific terms or questions in the pretest. As sensi-
tization might influence students to focus on specific elements during reading which they 
might have missed without this indication by a pretest, this could be considered a threat to 
validity. Similarly, the pretest might have primed students to look for specific content dur-
ing reading in order to understand these aspects. To minimize these effects, we included a 
delay of two weeks between pretesting and the actual reading experiment (cf. Swanborn & 
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de Glopper, 1999). When nevertheless assuming re-tests effects to be in place, the findings 
reported here seem to indicate that these effects seem to be limited to verbatim and propo-
sitional questions, while repeated administration of tests seems not to effect answering situ-
ation model questions. As the design of the present study does not allow differentiating the 
effects of re-testing and reading, additional studies might build up on the reported findings 
to analyze further, how the assessment influences inferences about the outcomes of stu-
dents’ reading.
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