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Abstract 

Learning from expository science texts is challenging. These 
studies explore whether difficulties can be attributed to poor 
memory or poor reasoning. To eliminate the need for memory 
during testing, some students took the tests with the texts 
available. To test for the effects of reasoning on performance, 
some students were prompted to engage in explanation 
activities during or after reading. The effects of these 
manipulations were tested on text-based and inference 
questions. Allowing the reader access to the texts during testing 
improved performance for text-based questions. In contrast, 
engaging in explanation activities during reading improved 
performance on inference questions. These results suggest that 
achieving a better understanding from expository texts depends 
on engaging in constructive reasoning processes, and not 
simply improving memory for the texts.  

Keywords: Text comprehension; Explanation; Inferences; 
Situation model; Learning from text 

Introduction 

The goal of reading an expository science text is often for 

the student to construct a situation model (Kintsch, 1994) or 

a mental model of a scientific phenomenon, system or 

process (Graesser & Bertus, 1998; Mayer, 1989). It is the 

development of a situation or mental model that represents 

the understanding of how or why a phenomenon occurs, and 

this understanding is what allows the reader to transfer their 

knowledge to new contexts (Mayer, 1989). However, most 

research on text comprehension shows that students struggle 

with learning from expository science texts. Even college-

aged students are notoriously poor at learning from 

expository science texts, despite the fact that much 

instruction still involves self-regulated study from their 

textbooks. In two experiments, the present line of research 

explored two possible sources of difficulty when readers are 

tasked with learning from expository science text: poor 

performance due to poor memory for the text in Experiment 

1, or due to a failure to engage in appropriate reasoning 

processes in Experiment 2.  

Experiment 1 

 

The first experiment tested the possibility that one reason 

why readers may show poor performance is due to poor 

memory for the information that they read. A common 

approach that has been used to test whether memory for the 

text is an obstacle is by removing this source of difficultly. 

This has been accomplished by providing the reader access 

to the text while they are testing; hence, the reader no longer 

has to rely on memory to answer the test questions. If poor 

memory for the text is one reason why readers are struggling, 

then when that difficulty is removed, it would be expected 

that performance should improve. In one study using a text-

availability manipulation, Ozuru, Best, Bell, Witherspoon, 

and McNamara (2007) had undergraduate participants read 

an expository science text written at a ninth grade level. 

Participants answered test questions either without the text or 

with the text as a reference. When participants had access to 

the text during the testing period, performance on both text-

based and inference questions was improved. In contrast, 

Ferrer, Vidal-Abarca, Serrano, and Gilabert (2017) had 

middle-school students read a single expository text written 

at a grade-appropriate reading level. Text availability was 

manipulated as a between-participants factor. An interaction 

between text availability and question type indicated that 

when participants had access to the text during the test, 

performance was improved for text-based questions only. 

However, no differences were observed for inference 

questions. A key difference between these studies may have 

been the difficulty of the texts and whether readers were 

given readings below or at their grade level. Based on both 

these results, it was predicted that having the text available 

would improve performance on text-based questions. In 

addition, because the present experiment used expository 

texts that were written at an appropriate grade level for 

undergraduates, it was predicted that access to the text might 

be less likely to have an effect on inference-based questions.  

Method 

 

Participants Participants (60 females; Mage = 18.4, SDage = 

.83) were 96 undergraduates who received course credit for 

their participation in the experiment through the introductory 

psychology subject pool. Participants were randomly 

assigned to one of two conditions: having access the text 

while testing (with-text) or testing without the text available 

(without-text). A between-participants design was selected 

specifically to eliminate the possibility of carryover effects 

within participants. Each participant read and was tested on 
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two of the six texts. Texts were fully counterbalanced so that 

each of the 6 texts were assigned to 16 participants in each of 

the 2 conditions, resulting in 192 observations. 

 

Materials Passages used in this experiment (adapted from 

Thiede, Wiley, & Griffin, 2011) introduced six different 

phenomena (e.g. how volcanic eruptions occur, how food 

allergies develop, why ice ages occur, what causes the 

differences in scores on IQ tests, how monetary policy affects 

the economy, how evolution occurs). (See Table 1 for an 

example text excerpt and example questions.) The texts were 

between 650 and 1000 words in length, and were written at 

the 11-12th grade level with reading ease scores in the 

difficult range of 31-49 according to Flesch-Kincaid.  

The test booklet contained ten questions for each topic, five 

of which were text-based questions and five inference 

questions (also based in Thiede, Wiley, & Griffin, 2011). 

Text-based questions were either explicitly mentioned in the 

text or could be found through a verbatim or paraphrased 

lexical search. Inference questions required the reader to 

apply the information presented in the text to a new situation 

or arrive at an answer by integrating multiple pieces of 

information from across parts of the text. On the tests, 

inference questions were presented first, followed by the 

remaining five text-based questions. The answers were 

presented in multiple-choice format with the correct answer 

and three distractor options. Distractor options were similar 

to the correct answers and contained words from the texts. 

 

Procedure Participants were randomly assigned to read 

two of the six topics. They were first given an opportunity to 

read through both texts at their own pace. Following the 

reading phase, participants were presented with the final tests 

presented one at a time in the same topic order as they were 

read. In the without-text condition, participants took the test 

without access to the text. In the with-text condition, 

participants took the test with access to the text and were 

encouraged to use the text while answering the test questions.  

 

Results 

As shown in Figure 1, a 2 (Text Availability: With, Without) 

x 2 (Question Type: Text-based, Inference) repeated 

measures analysis of variance (ANOVA) indicated a 

significant interaction, F(1,190) = 28.83, p < .001, η2
 = .06. 

There was also a main effect of condition, F(1,190) = 11.77, 

p < .001, η2
 = .04, and a main effect of question type, F(1,190) 

= 136.83, p < .001, η2
 = .23 that were subsumed by this 

interaction. Overall, inference questions were more difficult 

than text-based questions, and test performance was better in 

the text-available condition. However, the interaction 

emerged because readers who had the text available 

outperformed those who did not have the text available 

during testing on text-based questions, t(190) = 6.5, p < .001, 

d = .94, but not on inference questions, t < 1. 

Table 1. 

Text Excerpt and Example Questions 

Text: Why do ice ages occur? 

The more CO2 there is in the atmosphere, the more long-

wave radiation is kept from leaving the Earth.  The more 

radiation that is trapped, the hotter the Earth 

becomes.  This trapping of radiation works like a 

gardener’s greenhouse, and this phenomenon is commonly 

known as the ‘Greenhouse Effect’. When a region receives 

less solar radiation, there is less energy to warm that 

area.  Less heat energy leads to cooler 

temperatures.  Cooler temperatures can cause more snow 

and ice to form.  Snow and ice on mountaintops can reflect 

what little solar energy reaches the surface of the Earth 

back into space.  The formation of snow and ice can also 

steal large amounts of CO2 from the atmosphere and trap 

it in a frozen, solid form. 

Text-based 

Question 

Inference 

Question 

What is the greenhouse 

effect? 

A. the absorption of 

CO2 by growing plants 

B. the trapping of 

radiation  
C. the increase in heat 

of the earth due to 

sunspots 

D. the increase in 

burning of fossil fuels 

What can cause less solar 

radiation to reach earth? 

A.  when the Earth's 

orbit is closer to the 

Sun 

B.  sunspots 

C. the formation of 

more mountain 

ranges 

D.  the seasons 

 

 
Figure 1. Test performance of readers compared across 

conditions by question type in Experiment 1 (Error bars 

represent 95% confidence intervals) 
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Discussion 

The goal of this study was to examine the role that memory 

for the text plays on test performance with grade-level 

appropriate texts. The results clearly showed that only 

performance on text-based questions improved when readers 

had the text available during testing, conceptually replicating 

the results seen in Ferrer et al. (2017) and in contrast to the 

results of Ozuru et al. (2007). This suggests that performance 

on text-based questions is based on the ability of the reader 

to maintain information from the text in memory and recall it 

during testing. However, inference questions were more 

difficult, and text availability failed to improve performance 

on inference questions with grade-level appropriate texts.  

Experiment 2 

A second possible reason for poor learning outcomes when 

attempting to learn from expository science texts is that 

students may fail to engage in appropriate reasoning 

processes. What is critical for the construction of a coherent 

situation model is that readers go through an active process 

of generating connections among ideas in the text and 

between ideas in the text and their prior knowledge. This 

typically requires a series of causal inferences to integrate 

pieces of information into an accurate mental model of the 

phenomena (Graesser, Leon, & Otero, 2002; Kintsch, 1994; 

Wiley, Griffin, & Thiede., 2005).  

There is a substantial body of research that has identified 

that prompting students to engage in elaboration or 

explanation while reading is an effective instructional 

manipulation that can lead to robust improvements in subject-

matter learning (Chi, 2000; Dunlosky, Rawson, Marsh, 

Nathan, & Willingham, 2013; McNamara, 2004; Wiley & 

Voss, 1999). Explanation activities generally require 

generative responses and promote constructive processing by 

prompting a student to ask themselves “how and “why” 

questions in order to infer the deeper meaning of a passage 

(Hinze, Wiley, & Pellegrino, 2013). The constructive 

retrieval hypothesis (Hinze et al., 2013) proposes that 

engaging in reasoning processes such as these may be 

necessary to improve a reader’s performance on test 

questions that tap causal inferences and understanding of the 

systems or processes introduced within the text. 

To test whether constructive retrieval processes improve 

understanding to a greater extent than simply retrieving 

information from memory, Hinze et al. (2013) had 

undergraduates read a series of five short science texts written 

at a middle-school level with three different types of learning 

activities. They manipulated the level of constructive 

processing that the reader was prompted to engage in after 

reading a text through either rereading, a free recall activity, 

or an explanation activity. Results showed that those who 

engaged in explanation activities outperformed both the 

rereading and the free recall groups on both text-based and 

inference questions. Additionally, it was proposed that the 

quality of the reasoning processes that participants engaged 

in during the activities would also predict learning from text. 

After coding all written responses, it was found that the 

quality of explanation was predictive of both text-based and 

inference question performance.  

Based on this prior work, Experiment 2 manipulated 

whether participants engaged in a constructive activity during 

or after the reading process. Some participants were 

encouraged to engage in constructive processing by writing 

short explanations after reading each text. Other participants 

were encouraged to engage in constructive processing during 

reading by engaging in think-aloud protocols with explicit 

prompts to produce explanations embedded within them. 

These explanation prompts, presented at five strategic points 

within each text, required readers to engage in reasoning 

during the reading process. In addition, these students also 

produced short written explanations after reading each text. 

The goal of each of these activities was to help readers to 

construct more coherent situation models of the texts, which 

should improve performance on inference questions. Further, 

it was predicted that the combination of prompting students 

to engage in appropriate reasoning during reading, and 

constructive retrieval after reading, would provide the most 

support for learners. Finally, based on the relation between 

explanation quality and performance found in Hinze et al. 

(2013), it was predicted that those engaging in high-quality 

reasoning would show the best performance. 

Method 

 

Participants Participants (29 females; Mage = 18.8, SDage = 

1.0) were 48 undergraduates who received course credit for 

their participation in the experiment through the introductory 

psychology subject pool. Participants were randomly 

assigned to one of two between-participants conditions: 

writing an explanation after reading each text (explanation) 

or engaging in think-aloud protocols during reading and 

writing an explanation after reading (think-aloud). Each 

participant read and was tested on two of the six texts. Texts 

were fully counterbalanced so that each of the 6 texts were 

assigned to 8 participants in each of the 2 conditions, 

resulting in 96 observations. 

 

Materials Texts and test questions used were identical to 

those in Experiment 1. 

 

Procedure Participants were randomly assigned to read two 

of the six topics. Prior to reading each text, participants were 

instructed to read for understanding. They were told, “Your 

goal while reading this text is to develop an understanding 

of… (how food allergies develop). You will be asked to 

answer this question after you have finished reading the text, 

so pay close attention to elements of the text that help you 

answer this question.” When participants finished reading, 

they wrote an explanation in response to the question, “How 
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did this information help you to understand… (how food 

allergies develop)?” without the text available. After reading 

and generating an explanation for the first topic, they 

repeated this procedure for the second topic.    

In the think-aloud condition, after participants read through 

the first text at their own pace, a researcher explained that 

they would be asked to reread the text in segments; they 

would be stopped at five points and asked to “explain what 

they were thinking and how the current section of the text 

helped them to understand… (how food allergies develop).” 

During the think-aloud protocols, participants received no 

feedback from the experimenter. Following the think-aloud 

protocols, they wrote an explanation of the text, and then 

repeated the procedure for the second text.  

After writing the second explanation, participants in both 

conditions completed the tests without access to the texts.   

 

Explanation Coding Two raters categorized the short 

written explanations generated by students as being either 

low or high-quality. As seen in Table 2, low quality 

explanations were considered to be incoherent, nonsensical, 

or contained an inaccurate causal assertion. They commonly 

contained only superficial surface features described in the 

text. High quality explanations contained an accurate 

representation of the causal concepts presented in the text. 

These explanations clearly identified a directional or cause-

effect relationship between ideas. Interrater agreement 

resulted in Cohen’s kappa of .81. 

 

Table 2. 

Examples of Explanation Quality 

Low-Quality Explanation High-Quality Explanation 

The ice ages occur because 

of the temperature 

changes. The water levels 

are low and the 

temperature in the air is 

cold. The earth is cold for a 

period of time and then 

warm for a shorter period 

of time. 

Ice ages stop when there is 

a warming period. The 

warming period happens 

because of CO2 gases 

being produced and when 

there are more CO2 gases, 

radiation is trapped in the 

atmosphere, making the 

earth hotter. 

 

Results 

 

A 2 (Condition: Explanation, Think-Aloud) x 2 

(Explanation Quality: High Low) x 2 (Question Type: Text-

based, Inference) repeated measures ANOVA indicated no 

main effect of condition, F < 1, but a main effect of question 

type, F(1,92) = 13.43, p < .001, η2
 = .13. As shown in Figure 

2, inference questions were generally more difficult that text-

based questions.  

There was also a main effect for explanation quality, as 

students who wrote higher quality explanations performed 

better on test questions, F(1,92) = 5.68, p < .02, η2
 = .06. 

These significant main effects were subsumed by three 

significant two-way interactions (Condition x Explanation 

Quality: F(1,92) = 4.35, p < .04, η2
 = .05; Question Type x 

Condition: F(1,92) = 5.18, p < .03, η2
 = .05; Question Type x 

Explanation Quality: F(1,92) = 4.32, p < .04, η2
 = .05). The 

three-way interaction did not reach significance, F(1,92) = 

1.19, p < .28, η2
 = .01. 

Follow-up tests to explore the significant two-way 

interactions were performed for each question type 

separately. Starting first with performance on inference 

questions, as shown in Figure 3 a follow-up 2 (Condition) x 

2 (Explanation Quality) ANOVA resulted in a significant 

interaction, F(1,92) = 6.30, p = .01, η2
 = .06. There was also 

a significant main effect of explanation quality, F(1,92) = 

7.49, p = .007, η2
 = .08, which was subsumed by the 

interaction. No main effect of condition was found, F <1. 

Planned comparisons showed that for those writing low-

quality explanations, think-aloud prompts during reading 

significantly affected performance on inference questions 

over solely explaining the text after reading, t(92) = 2.38, p = 

.02, d = .89. No differences across conditions were observed 

for those having written high-quality explanations, t < 1.  

As shown in Figure 4, the same 2 x 2 ANOVA was 

conducted for performance on text-based questions. This 

resulted in no main effect due to explanation quality, F < 1, 

and no interaction, F = 1.14. The main effect for condition 

was not significant, F(1,92) = 2.47, p = .12, η2
 = .03, but 

trended toward better performance on text-based questions in 

the written explanation only (without think-aloud) condition. 

 

 
Figure 2. Test performance of readers compared across 

conditions by question type in Experiment 2 (Error bars 

represent 95% confidence intervals) 
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Figure 3. Performance on inference questions across 

conditions and explanation quality level in Experiment 2 

(Error bars represent 95% confidence intervals) 

 

 

 
Figure 4. Performance on text-based questions across 

conditions and explanation quality level in Experiment 2 

(Error bars represent 95% confidence intervals) 

 

Discussion 

The main goal for this study was to test whether increasing 

the level of reasoning that a reader was prompted to engage 

in during and after reading would improve test performance. 

Advantages in performance on inference questions were seen 

for participants who were prompted to engage in constructive 

processes both during and after reading. However, no 

benefits of the added reasoning activities were seen for text-

based questions indicating that text-based questions do not 

rely heavily on the reader engaging in appropriate reasoning 

processes. Further, the added think-aloud prompts only 

benefitted inference test performance for participants who 

were writing low-quality explanations. Performance did not 

differ for those who wrote high-quality explanations 

indicating that those readers were likely already engaging in 

the appropriate reasoning processes without the need for 

additional scaffolds embedded within the think-aloud.  

General Discussion 

The main purpose of these studies was to explore two 

possible reasons why students struggle with comprehension 

from expository science texts. The first possibility was that 

students suffer from poor memory for the texts. To test this 

hypothesis, the availability of the text during testing was 

manipulated. Prior research showed that simply giving 

readers access to text during testing improved performance 

on both text-based and inference questions when participants 

were reading below their grade level (Ozuru et al., 2007). 

However, when participants were given a grade-level 

appropriate text, only performance on text-based questions 

increased with access to the text during testing (Ferrer et al., 

2017).  Consistent with predictions based in Ferrer et al. 

(2017), a significant difference in performance was seen in 

Experiment 1 for text-based questions only.   

This dissociation in performance on text-based and 

inference questions in Experiment 1 also provides validation 

for how these two types of questions were originally designed 

(Wiley et al., 2005). The text-based questions were designed 

so that answers could be found directly in text. The inference 

questions were created with the explicit intent of measuring 

a reader’s ability to integrate information and to construct a 

coherent situation model, mental model, or causal model of 

the system or process being described by the text. That is, 

answers to inference questions were not readily accessible in 

the text using the same method of verbatim search that could 

be used for text-based questions. Experiment 1 showed that 

the inference questions were more difficult for students to 

answer, and also that performance on inference questions did 

not seem to depend on memory for the text.    

This leads to the second possibility that was considered in 

Experiment 2: that performance on inference questions 

depends on the quality of reasoning that a reader engages in 

during the reading process. Prior research has shown that the 

addition of constructive activities can improve learning 

outcomes from expository science texts. Experiment 2 

showed a benefit of prompting reasoning both during and 

after reading on inference question performance, and it was 

particularly the participants who wrote low-quality 

explanations that needed this support.  
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Although prior work has improved performance on both 

memory and inference questions with the same manipulation, 

here dissociations were found such that text availability only 

altered performance on text-based questions, while the think-

aloud manipulation only improved performance on inference 

questions. One salient difference between prior research that 

failed to find dissociations between question types and the 

current studies is in the complexity of the texts.  Inference 

questions may be especially challenging when students are 

learning from difficult texts, and it may be under these 

contexts that memory for text and understanding from text 

may be most likely to diverge. 

Conclusion 

These findings showed that having the ability to reference the 

text during testing is sufficient for improving performance on 

text-based questions; while improvements on inference 

questions may require conditions that support readers in 

engaging in appropriate reasoning processes during study.  

The overarching goal of the current work is to understand 

how students can be assisted in developing a deeper 

understanding of ideas presented within a text.  

This work suggests that struggling readers may benefit 

from additional scaffolds to help them to generate accurate 

and appropriate inferences when the goal for reading is to 

build a coherent causal model of systems, processes or 

phenomena from complex expository texts. Theoretically, the 

construction of these models should allow students to transfer 

this knowledge to new contexts. One important direction for 

future research is to test this assumption with delayed tests. 

Additionally, it would be useful to replicate the current 

experiments within actual classroom contexts to see the 

effects of the manipulations in a higher-stakes environment. 

A broader point is that the results found in these 

experiments help to reinforce the important differences that 

need to be acknowledged between memory for a text and 

developing understanding from a text (Kintsch, 1994). There 

is a wide variety in the types of items used in standardized 

comprehension tests, by teachers in classroom contexts, as 

well as by researchers who conduct studies of learning from 

text (Wiley & Guerrero, in press). Some may include only 

text-based or verbatim memory questions. Some may 

emphasize inference questions. Many may include a mix of 

different types of questions. Given the dissociations seen here 

between performance on text-based and inference questions, 

this suggests that one needs to carefully consider the extent 

to which a test is assessing memory versus understanding of 

a text. Which conditions or activities are best for student 

learning is likely to depend on the goal of instruction.  
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