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Abstract 

Past research has suggested that there may be benefits in learning from expository science text 

when students study with the expectation that they will need to teach another student. The 

present experiments were designed to extend prior work by testing if an effect would be seen on 

both immediate tests (similar to those used in most prior studies) as well as delayed tests (which 

are important for demonstrating long-term learning of material). The experiments also tested if 

an effect would be seen when learning outcomes were measured using questions testing memory 

for the text and questions testing comprehension from the text. And, the experiments explored if 

effects would be seen for a text written below grade level (Experiment 1) versus at an 

appropriate grade level (Experiment 2). Across both experiments, results supported that 

expecting to teach improved learning outcomes even at a delay, and improved both memory and 

comprehension from expository texts. Further, analyses of the notes taken during study indicated 

that expecting to teach may be causing participants to engage more with the text during study. 

Taken together, these results suggest that expecting to teach may be a useful activity for 

supporting durable learning from expository texts. 

Keywords: learning by teaching, comprehension, memory, learning activities, expository 

text processing 
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Educational Impact and Implications Statement 

Previous research has demonstrated that when students act as "teachers" and tutor their peers, it 

can lead to improvements in the learning of the "teachers". A more provocative claim is that just 

preparing to teach others (and not actually doing it) can also have a beneficial effect. The present 

experiments tested for benefits when students simply prepared to teach another student, and 

found that preparing to teach (versus preparing to test) led to better performance on test items 

measuring both memory for text and comprehension from text for the "teacher". Further, these 

results extended prior work by showing benefits for both memory and comprehension on a 

delayed test and with a text written at an appropriate grade level. These results provide support 

for the suggestion that solely providing students with the expectation that they will have to teach 

another student may be a useful educational activity. 
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Expecting to Teach Affects Learning During Study of Expository Texts 

As a general rule, teaching is meant to impart knowledge from the teacher to the student, 

yet research has shown that teaching can be an effective way to improve learning for the 

“teacher” as well. Many studies have explored the benefits that can come from peer tutoring, 

cooperative learning, or reciprocal teaching activities (Annis, 1983; Cohen, Kulik, & Kulik, 

1982; King, Staffieri, & Adelgais, 1998; Kobayashi, 2019; Palinscar & Brown, 1984; Roscoe & 

Chi, 2008; Simmons, Fuchs, Fuchs, Mathes, & Hodge, 1995; Webb, 2013). Bargh and Schul 

(1980) outlined three main stages involved in the process of teaching: preparation to teach, 

presentation of material, and feedback received through answering students’ questions. A 

provocative claim that some researchers have suggested is that solely engaging in the first of 

these stages (preparation to teach) can lead to benefits in learning (Bargh & Schul, 1980; 

Benware & Deci, 1984; Fiorella & Mayer, 2013; Nestojko, Bui, Kornell, & Bjork, 2014). 

The benefits of preparing to teach have been commonly tested through paradigms that 

provide participants with an expectation that they will have to teach the material after study. The 

benefits of expecting to teach have been explored for learning to solve mathematical and logical 

problems, as well as with procedural learning (Daou, Lohse, & Miller, 2016; Hoogerheide, 

Loyens, & van Gog, 2014; Renkl, 1995). They have also been explored for learning from text 

which is the focus of the current research. In these experiments, the learning material usually 

consists of a textbook passage or an expository text, and participants expect to either take a test 

on the content or to teach it after they study (Bargh & Schul, 1980; Benware & Deci, 1984; 

Fiorella & Mayer, 2013; Nestojko et al., 2014). These prior experiments on learning from text 

have differed along several dimensions including the difficulty of the texts that are assigned, the 

types of test questions that are given, and the delay between study and test. Further, prior 
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experiments have differed in their results, and a benefit from simply expecting to teach has not 

always been shown in learning outcomes. The goal for the current research was to test if 

expecting to teach improves learning with both simpler (below grade level) and more difficult (at 

appropriate grade level) materials and to test whether benefits can be seen on questions that test 

memory for text and comprehension from text.  

Prior Experiments on the Effects of Expecting to Teach on Learning From Text 

In an early experiment on the effects of expecting to teach, Bargh and Schul (1980) tested 

for benefits on learning from text. Although many details about the nature of the texts and tests 

that were given are not reported in the original article, this experiment provided an initial 

suggestion that simply expecting to teach might improve learning. Experiment 1 manipulated 

whether participants were asked to learn a passage because “they would be teaching the contents 

of the passage to another subject without being able to refer to a copy of the passage” versus 

being asked to learn because they would answer multiple-choice questions about the text. 

Participants were given 15 min to study a 660-word text. Immediately after reading the text, they 

completed a test containing eight recall and eight recognition questions that claimed to assess 

both main ideas and details. In addition, before studying the main text, all participants completed 

an initial reading activity where they read a very short text (170 words, no topic or other 

information about the passage was provided) with the expectation that they would answer 

multiple-choice questions about it. Participants were tested on this initial passage using four 

recall and four recognition questions. Performance on this initial reading task served as a 

covariate in the main analysis. The main result from this experiment was that participants who 

were expecting to teach had higher performance on the main learning task when controlling for 

scores on the initial reading task (and also entering gender in the model). Although it is difficult 
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to make any detailed conclusions about this finding due to the lack of information provided 

about the materials used, this result provided an initial suggestion that simply expecting to teach 

might improve learning compared to a condition where participants were expecting to be tested 

on the material. Though the authors acknowledged the exploratory nature of this experiment, 

they suggested that the performance benefits seen for those expecting to teach may be due to 

differences during study, either by an increase in motivation or by prompting the “teacher” to 

build a more organized cognitive structure that facilitates memory and understanding. 

In a follow-up experiment, Benware and Deci (1984) used a similar manipulation with a 

25-page journal article on brain functioning (Flesch Kincaid Grade Level, 12.9). The students in 

the control group were told that they would be examined on the material, while the students in 

the experimental group were told that they would teach the contents of the article to another 

student. Students were instructed to read the article at home during a 2-week break and learning 

was assessed when they returned to the laboratory using a 24-item test. The authors reported that 

the test consisted of half rote memory and half conceptual questions. The two groups did not 

differ in performance on rote memory questions. However, those who were expecting to teach 

scored better than those who were expecting to test on the questions that the authors categorized 

as requiring conceptual understanding. Again, as in Bargh and Schul (1980), no examples or 

details about the assessment items were provided so it is not clear exactly what kinds of 

questions were used to test conceptual understanding and if the answers were explicitly available 

in the text. It is also not clear when the students actually read the article in relation to the timing 

of the test. However, the results of this experiment provided another early suggestion that 

expecting to teach could improve learning over expecting to take a test and that benefits might be 

seen in comprehension of the text. Because the students who expected to teach also expressed 
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more interest, enjoyment, and willingness to continue in the experiment, the authors attributed 

this to these students being more intrinsically motivated. 

More recently, Nestojko et al. (2014) also showed that giving readers an expectation to 

teach prior to engaging with the material could improve learning across two experiments. In 

Experiment 1, participants were split into two conditions. Those expecting to teach were told that 

“sometime after you are finished reading, another participant will arrive. You will be asked to 

teach the information you read in the passage to that participant. You will not have access to the 

passage while you teach. Afterward, that participant will take a test based on the passage you 

teach them.” Those expecting to test were told, “you will later be given a test on the material.” 

They were then given 10 min to read a 1,541-word text about the historical inaccuracies found in 

a movie about the Crimean War (Flesch Kincaid Grade Level, 11.5; text and test questions from 

Rawson & Kintsch, 2005). After the reading phase, participants completed a 25-min distractor 

task that required them to remember word lists. Participants then completed two tests related to 

the text they read. The first test was a free recall activity in which participants were asked to 

recall as much information from the passage as they could. The second test was a short-answer 

test which asked them to retrieve important and unimportant details from the passage. Analyses 

revealed that participants who were expecting to teach had better performance on both 

assessments than those who were expecting to test. 

A second experiment used a 1,300-word passage from a university-level psychobiology 

textbook about the brain (Flesch Kincaid Grade Level, 12.5). As in the first experiment, prior to 

reading participants were either told to expect to take a test or to expect to teach the material. 

They were then given 9-min to read the passage followed by a similar distractor task. However, 

instead of recall and short-answer tests, they were asked to complete a fill-in-the-blank test 
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where participants were given a sentence with a missing word and asked to recall the verbatim 

word from the text they read. Half of the blanks referred to a main point and half referred to a 

detail. Those expecting to teach showed better performance on questions relating to main points 

on the fill-in-the-blank test compared to participants who were expecting to test (with prior 

knowledge as a covariate). No differences emerged between groups for questions associated with 

details. These authors preferred the selection and organizing explanation for these effects. They 

posited that this benefit from expecting to teach was due to participants using strategies similar 

to those of teachers, specifically selecting and organizing important information from the text 

during study. Results of both experiments showed that overall participants were better able to 

recall important information when they were expecting to teach.  

In contrast to the short delay used in the Nestojko et al. (2014) experiments, Fiorella and 

Mayer (2013) examined whether expecting to teach improves learning with both an immediate 

test (Experiment 1) and a test given after a one-week delay (Experiment 2). Those who were 

expecting to teach were told “you will study a short lesson on how the Doppler Effect works and 

then be asked to teach the material that you learned. Specifically, you will be expected to provide 

a short lecture explaining how the Doppler Effect works as if you were teaching the material to 

someone else.” Those who were expecting to test were told “you will study a short lesson on 

how the Doppler Effect works and then be asked to answer some questions about what you 

learned.” After receiving the expectation, participants were given 10-min to study a 533-word 

expository science text on the Doppler Effect (Flesch Kincaid Grade Level, 7.9) which described 

the characteristics of sound waves.  

Although the open-ended tests in the Fiorella and Mayer (2013) experiments included 

questions designed to assess both memory for important ideas stated in the text as well as 
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questions designed to assess comprehension of the text (testing construction of a coherent mental 

model of the content or application to new contexts), only analyses with the items collapsed into 

a single score are reported. In Experiment 1 (immediate testing), analyses showed that those who 

were expecting to teach significantly outperformed the control group on the test. Similar to 

Nestojko et al. (2014), the authors suggested that expecting to teach prompted participants to 

attend to the most important information in the text and organize it into a coherent mental 

representation during study. 

 However, in Experiment 2 (one-week delay between study and testing) solely expecting 

to teach did not produce any benefits above the control group on the test. These results suggest 

that expecting to teach another student may improve performance on test questions in the short-

term, but it is not clear whether this benefit will be robust over time. Of course, the goal of 

instruction is to establish long-lasting knowledge representations that result in durable learning 

of the material. While immediate tests can show whether students are able to recall and use 

information from a lesson a short time after study, only delayed tests can show what information 

has been learned in the sense that it has been incorporated into long-term memory, is retained 

over time, and is available for use in new contexts in the future (e.g., Johnson & Mayer, 2009; 

Rawson & Kintsch, 2005; Roediger & Karpicke, 2006; Salomon & Perkins, 1989; Ziegler & 

Stern, 2014).  

Differences in the timing of the test may be one reason why some prior experiments 

found benefits from expecting to teach whereas Fiorella and Mayer (Experiment 2) did not. 

Thus, both immediate and delayed tests are used in the present experiments to help clarify where 

the benefits may be seen. Although there were many other differences in methods and stimuli 

across prior experiments, one other main question that is tested in the present experiments is 



EXPECTING TO TEACH  10 

 

 

 

whether the effects of expecting to teach depend on whether learning from text is assessed using 

measures of memory for text or comprehension from text. A broader framework from the 

literature on comprehension and learning from text provides motivation for this distinction. 

Measuring Memory for Text Versus Comprehension From Text  

In the text comprehension literature, many researchers make a distinction between 

memory for text and comprehension from text (Kintsch, 1994; Mayer, 1989; Wiley & Voss, 

1999). Theories of text comprehension describe how the text can be represented at various levels 

of understanding. According to the Construction-Integration Model (Kintsch, 1994), at the 

surface level, the text is represented verbatim. At the textbase level, the information from the text 

is processed into meaningful semantic units represented as propositions. Representation at both 

of these levels is limited to information explicitly found in the text. In contrast, at the situation 

model level, the meaning of the text is constructed by creating a model of how or why the 

process, phenomenon, or situation described by the text happens. This occurs by recognizing 

connections between ideas, through the generation of inferences between propositions, and by 

integration with the reader’s prior knowledge. This level of representation of the meaning of the 

text is also referred to as a reader’s mental model (Mayer, 1989), and for many science texts it 

will represent a causal model of the phenomenon or system being described (Graesser & Bertus, 

1998; Wiley & Voss, 1999). 

Some expository texts require less inference generation to build this model than others 

due to the nature of the text itself. This can occur when information that the reader is required to 

understand, such as relations between concepts, is explicitly stated in the text. In these texts, the 

textbase and the situation model levels are more similar and overlapping in how the meaning of 

the text is represented (McNamara, Kintsch, Songer, & Kintsch, 1996; Tapiero & Otero, 2002; 
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Wiley, Griffin, & Thiede, 2005). In contrast, other expository texts require the reader to engage 

in more effortful processing to generate a model from relations that are left implicit in the text. In 

this case, the reader must actively construct meaning by generating inferences to fully 

comprehend the text. Hence, in these texts, the situation model is further detached from the 

textbase. 

When test questions ask readers about ideas that have been explicitly stated in a text, they 

serve as measures of memory for text. However, when relations between ideas are left implicit, 

then solely having memory for the text would not capture the full message of a text. In the case 

of more difficult expository science texts, to understand the causal model underlying phenomena 

and to construct a coherent mental model, the reader will have to generate inferences that are 

implicit in the text. It is the construction of this mental model or situation model that best 

represents comprehension from difficult expository texts (Kintsch, 1994; Mayer, 1989; Wiley et 

al., 2005), and comprehension can be specifically measured by asking questions that target the 

implicit inferences that must be generated by the reader.  

 Given the distinction between measures of memory for text and comprehension from 

text, both the difficulty level of the texts and whether the test questions are testing the situation 

model will alter what type of learning is being assessed. And this could determine whether 

benefits are seen from expecting to teach. If the assigned text is short or very explicit, then it is 

possible that having a good memory for the text will be sufficient to ensure good performance on 

both questions that target the textbase and situation-model representations. If the assigned text is 

more difficult (with less overlap between the textbase and situation model), then performing well 

on questions that target the situation model will require more than just memory for the 

information explicitly stated in the text. In this case, questions that assess the quality of the 
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reader’s situation model will provide a more sensitive test of whether there are comprehension 

benefits.  

Finally, as noted above, if the goal is to measure learning, then it is important to show 

benefits in performance at a delay. When a participant completes a test immediately after 

reading, their memory for surface features remains highly active. However, after a delay surface 

memory experiences decay, while the situation model representation remains robust to decay 

(Kintsch, Welsch, Schmalhofer, & Zimny, 1990). Thus, improvements in performance on 

situation-model questions and on delayed tests would provide the strongest evidence that 

expecting to teach is improving comprehension from text. Viewed from this framework, because 

Bargh and Schul (1980) and Nestojko et al. (2014) used relatively immediate recall, recognition, 

and fill-in-the-blank tests which assessed participants’ ability to retrieve information explicitly 

presented in the text, these results may be best interpreted as showing that expecting to teach is 

affecting memory for the text. They do not provide clear evidence that expecting to teach is 

improving comprehension. Further, the lack of a significant effect on delayed tests which 

included some comprehension items (Fiorella & Mayer, 2013 Experiment 2) also failed to 

provide any support that expecting to teach improved comprehension outcomes. Thus, the 

present experiments were designed to provide a strong test of whether expecting to teach yields 

benefits in comprehension by exploring if an effect would be seen on delayed tests, on questions 

that address the situation model, and also in the context of text written at an appropriate grade 

level.  

The Current Experiments 

The current experiments tested whether expecting to teach improves learning with both 

simpler (below grade level) and more difficult (at appropriate grade level) materials. An 



EXPECTING TO TEACH  13 

 

 

 

expository text used in prior research (written at the 7-8
th

 grade level, Fiorella & Mayer, 2013) 

served as the stimuli in Experiment 1 and a new text on Fermentation (written at a 10-11
th

 grade 

level) served as the stimuli in Experiment 2. The main between-subjects manipulation in both 

experiments was whether students expected to take a test or to teach following study. An 

orthogonal between-subjects manipulation was the delay between study and test. Half the sample 

was tested immediately and half after a one-week delay.  

The main hypotheses tested in these experiments were: 

1. Expecting to teach will benefit learning from text compared to expecting to test. 

2. Expecting to teach will benefit memory for text compared to expecting to test. 

3. Expecting to teach will benefit comprehension of text compared to expecting to test. 

The first hypothesis was tested by analyzing if test performance was better for those 

expecting to teach than those expecting to test. This prediction represents the main/general claim 

made by prior research. To ensure that effects of the expectancy manipulation reflect learning 

that is durable over time, it is important to see benefits in test performance for those expecting to 

teach compared to those expecting to test, especially at the delayed timepoint (when contents are 

no longer active in recent memory).  

The second and third hypotheses were tested by an additional within-subjects 

manipulation which had participants complete measures of memory (text-based questions) as 

well as comprehension (inference questions based in the situation model). If expecting to teach 

improves memory for a text, this should result in better test performance on text-based items. 

This prediction would be consistent with results of prior research. In contrast, given the lack of 

clarity in the previous research, the most tentative of the three hypotheses was that expecting to 

teach would improve comprehension from text. If expecting to teach does improve 
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comprehension, this should result in better test performance on inference test questions. 

Additionally, seeing better performance on inference questions that test the situation model at a 

delay would provide clear evidence that expecting to teach can result in long-term benefits in 

student understanding. 

Assuming that expecting to teach might be found to improve learning, a more exploratory 

goal of the research was to attempt to understand how expecting to teach might change the 

learning process. It has been proposed that a possible mechanism by which expecting to teach 

leads to benefits in learning is because it causes participants to better select and organize 

information from the text during study (Bargh & Schul, 1980; Fiorella & Mayer, 2013; Nestojko 

et al., 2014). Alternatively, Benware and Deci (1984) primarily attributed the benefits to 

differences in student motivation, engagement, and effort. To explore these possible 

mechanisms, self-report ratings were collected, and participants’ notes were analyzed as a trace 

measure of how students engaged with the text during study. If benefits are seen in test 

performance due to expecting to teach, then measures derived from the ratings or notes may help 

to test exploratory research questions of whether these benefits can be shown to be due to 

differences in the learning process or motivation during study. 

Experiment 1 

The current experiment sought to replicate the prior work of Fiorella and Mayer (2013) 

by testing whether expecting to teach would lead to benefits in learning from a simple expository 

text (written below the grade level of participants). As in the prior work, participants were tested 

either immediately or after a one-week delay. Second, the current experiment sought to extend 

prior work by testing whether benefits in test performance were seen in both measures of 

memory and comprehension. Additionally, participants’ notes taken during study were analyzed 
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to explore how expecting to teach may be affecting the learning process. Alternative 

explanations for the benefits of expecting to teach including arousal and motivation were also 

explored by collecting self-report ratings, and the relationship between changes in the learning 

process and the main learning outcome was examined. 

Method 

Participants 

The sample consisted of 206 undergraduates (141 females, Mage = 18.90, SDage = 1.29). 

Self-reported racial composition was 27% Hispanic, 19% White, 36% Asian, and 6% Black. A 

power calculation for the ANCOVA that was used to analyze the main dependent variable (test 

performance) was based in the average effect size (Cohen’s d: M = .46) observed in Fiorella and 

Mayer (2013) and Nestojko et al. (2014). It suggested that the obtained sample size exceeded the 

minimum of 151 subjects needed to provide an 80% chance of detecting benefits due to 

expecting to teach.  

Participants were randomly assigned to an expectancy condition (expect to test or expect 

to teach) and a time of test condition (immediate or delayed testing) resulting in 4 groups of 

participants. Equivalence of the groups in terms of reader characteristics was explored using 

measures of reading ability (ACT score) and prior knowledge. Descriptive and inferential 

statistics are shown in Table 1. As shown in Table 1, ACT scores and prior knowledge were not 

significantly different across groups. However, to help ensure that final test scores reflected 

learning during the study and not pre-existing differences, and to be consistent with analyses 

conducted in past research (Bargh & Schul, 1980; Nestojko et al., 2014), both reading ability and 

prior knowledge were used as covariates in analyses of learning outcomes in both experiments 

reported in this paper.  
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Materials 

All materials are included in Appendix A, and are available on the Open Science 

Framework (https://osf.io/cr6b7/). 

Expectation Manipulation. Instructions (taken from Benware & Deci, 1984) varied 

dependent on whether participants were assigned to groups expecting to teach or expecting to 

test. As shown in Table A1, all participants were given the same initial instruction followed by a 

slightly different continuation. A second place where instructions to the two groups varied was 

after studying, but prior to taking the test. Participants who were expecting to teach were told: 

“Before teaching the other student, we would like you to answer some test questions to 

assess your understanding. Please answer each question to the best of your ability.” (Fiorella & 

Mayer, 2013). 

Participants who were expecting to teach did not actually have an opportunity to teach 

another student. At the end of the experiment, participants in this condition were told: 

“This was a pilot study to test the effectiveness of the instructions provided to you. You 

do not actually have to teach another student, but future participants will.” 

Arousal Ratings. Participants were asked two questions (How excited do you feel right 

now?; How stressed do you feel right now?) to assess their level of arousal based on the 

instructions given to them. Responses were assessed on a 10-point Likert scale ranging from “not 

at all… (excited/ stressed)” to “very… (excited/ stressed).” Descriptive statistics for each 

condition are shown in Table 1. 

Expository Text. Participants read a 533-word expository text (Flesch Kincaid Grade 

Level, 7.9), taken from Fiorella and Mayer (2013, 2014), that described the Doppler Effect. 

Using familiar, real-life examples, it described how wavelength, wave frequency, and pitch are 



EXPECTING TO TEACH  17 

 

 

 

perceived by an observer and discussed the relationship between the characteristics of sound 

waves. This text contained 44 idea units along with 5 images and described a causal model of 

how movement affects the perception of sound waves.  

Three experts were asked to identify the subset of idea units most important to 

developing an understanding of the Doppler Effect. Any idea unit identified as important by two 

or more experts was coded as more important (25 out of 44). These idea units were assumed to 

contribute the most to the development of a mental model of the text. The remaining 19 idea 

units were designated as less important (but not irrelevant) for understanding the Doppler Effect. 

 Study Ratings. In an attempt to replicate past findings and to be consistent with the 

survey questions used in past research, participants were asked the following questions, adapted 

from Fiorella and Mayer (2013) and Benware and Deci (1984), to assess their level of effort, 

interest and motivation during study on a 10-point Likert scale from “strongly disagree” to 

“strongly agree”:  

I found this text to be interesting. 

I found this experiment enjoyable. 

I would be interested in learning more about this topic. 

I felt the subject matter was difficult. 

I feel like I have a good understanding of this topic. 

I invested a lot of effort into this topic. 

 

Descriptive and inferential statistics for each condition are shown in Table 1. 

 

Multiple-choice Test Questions. As seen in Table A2, two categories of questions were 

used: questions that test memory for a text, text-based questions, and those that assess 

comprehension of a text, inference questions (Wiley & Guerrero, 2018). Regardless of question 

type, each item related to at least one of the idea units categorized as most important to 

developing an understanding of the Doppler Effect by the experts. Collectively, the questions 

tested all sections of the text. 
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Five text-based questions tested memory for surface-level features of the text and 

involved recognition of facts and details explicitly mentioned in the text. This mention could 

have been verbatim or paraphrased and required minimal processing due to the question stem 

and answer being located within the same sentence (Ozuru, Best, Bell, Witherspoon, & 

McNamara, 2007).  

Five inference questions were used to assess the reader’s situation model or mental model 

of the scientific process. These questions tested for the generation of implicit bridging inferences 

(which reflected the implied relationship between multiple pieces of information provided across 

sentences the text) as well as elaborative inferences (which required application of the text to 

novel or hypothetical situations). Although the answers to these questions were not explicitly 

stated in the text, the supporting information needed to construct each inference was. Proportion 

correct was calculated by computing the average score on each of the text-based and inference 

tests separately. 

 To validate the distinction between these question types, an independent set of 

participants (n = 20) were asked to read the text and sort the test questions into text-based and 

inference categories. Participants were presented with instructions that explained that text-based 

questions “can be found directly in the text by exactly matching or almost exactly matching 

something stated in a sentence” and inference questions “can be inferred by connecting or 

combining multiple sentences that could even be in separate paragraphs (and may require 

applying the ideas to a new situation).” They then received a sample text and example questions 

with correct answers prior to receiving the Doppler Effect materials. Participant ratings 

demonstrated consensus on the distinction between the question types as the raters showed a high 
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level of agreement with the intended categories (overall agreement 89%, agreement for inference 

items 92% (range 75-100%), agreement for text-based items 85% (range 75-95%)). 

To show that the questions could not be answered from common knowledge, a separate 

group of participants (n = 20) completed all multiple-choice questions without reading the text. 

Accuracy rates were 27% overall. This shows that in general there is low prior knowledge about 

the Doppler Effect, and that students did not perform significantly different than chance (25%) 

on these questions without reading the text, t(19) = 0.73, p = .47, d = .16.  

Finally, an additional group (n = 20) completed the test questions while the text was 

available for them to reference. Performance on test questions was high overall (71%) with 

similar performance on both text-based (M = 76%, SD = 14%) and inference questions (M = 

66%, SD = 23%), t(19) = 1.75, p = .10, d = .39, suggesting substantial overlap in the textbase and 

situation model representation of the Doppler Effect text. 

Free Recall. A free recall response was also used to assess learning. Participants were 

told to “type as much information from the passage as you can recall” (Nestojko et al., 2014).  

Final Survey and Manipulation Check. To assess whether participants remembered 

that they were expected to teach another student, the first question of the final survey asked, 

“What were you told that you would be expected to do after studying the text?”. Of the 

participants who were expecting to teach, 8 additional participants who did not recall that they 

would have to teach another student were excluded from analyses leaving only the 206 

participants described in the participants section.  

 Additionally, the prior knowledge measures were also taken from the prior work this 

experiment was attempting to replicate (Fiorella & Mayer, 2013). All participants were asked to 

rate their knowledge of the Doppler Effect on a 6-point Likert scale from “very low” to “very 
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high.”
1
 Participants were asked to report on their prior knowledge and reading ability (ACT and 

SAT scores) during the final survey to avoid any priming or stereotype threat that might be 

caused by answering these questions immediately before the experiment. SAT scores were 

converted to the ACT scale using The College Board conversion table (The College Board, 

2018). 

Participants were also asked the same prior knowledge questions during an initial 

screening survey administered during the first week of the Introduction to Psychology course. 

Prior knowledge responses obtained at initial screening (n = 175) were highly correlated with 

prior knowledge responses given during the final survey, r = .87, p < .001. Because complete 

data was only available for the final survey, these scores were used for analyses. 

As a final question, participants who were expecting to teach were asked, “Based on the 

instructions provided to you at the beginning of the study, rate the degree to which you believed 

that you would actually have to teach another student.” Responses were assessed on a 6-point 

Likert scale ranging from “did not believe that I would have to teach another student” to 

“definitely believed I would have to teach another student.” A one-sample t-test (against the 

midpoint) indicated that participants did believe that they would have to teach another student, M 

= 4.58, SD = 1.57, t(102) = 7.00, p < .001, d = 0.69. 

Procedure 

At the beginning of the session, all participants received expectation to teach or test 

instructions and then completed the arousal ratings prior to viewing the text. (These instructions 

varied only due to expectancy condition, and did not vary due to time of test condition.) 

                                                 
1
 The full self-report prior knowledge questionnaire, taken from Fiorella & Mayer (2013), was collected which 

included both the prior knowledge rating item in addition to several judgments of knowing for relevant concepts. 

Because of concerns from reviewers about validity and reliability, the judgments of knowing items were removed 

from the prior knowledge scores for the current analyses. The overall pattern of results did not change whether or 

not the judgments of knowing were included in the scores.  
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Participants then had 10-min to study the text which was presented on paper along with a blank 

sheet to be used for note-taking. During this time, they were told that they may study the text 

using any manner they wished. Following the study period, the text and notes were collected, and 

participants completed the study ratings.  

Participants in the immediate conditions then moved to the test phase. Participants who 

were expecting to teach were told that their understanding of the text would be assessed prior to 

teaching. All participants then completed the multiple-choice tests, without access to the text, 

which was presented on the Qualtrics survey platform. The program required a response to each 

test question prior to moving on to the next section. No feedback was provided during the 

experiment. Following the test questions, participants completed a free recall response and then 

the final survey. Participants who were expecting to teach completed a final question regarding 

their belief in the original instruction they were given and were excused. 

Participants in the delayed conditions had a one-week delay between Session 1 and 2. 

They were excused from Session 1 after completing the study ratings. (This was the first point in 

the procedure that it became certain that they would not be teaching or testing at all during the 

first session. This was after they had already prepared for teaching or testing.) They began 

Session 2 by completing the multiple-choice test and continued with the remainder of the 

experiment in the same order as the immediate conditions. 

Coding 

Notes. The notes taken by participants were coded by two independent raters. First, 

participants’ notes were coded for the quantity of idea units (out of 44) they contained from the 

text with high interrater reliability, ICC (3, 2) = .99. From this coding the proportions of more- 

important (out of 25) and less-important (out of 19) idea units included in the notes were 



EXPECTING TO TEACH  22 

 

 

 

computed. These measures were used to test whether students selected the more-important idea 

units in their notes. (Results are similar if raw numbers are used instead of proportions of total 

possible idea units in each importance category.)  

Idea unit coding was also used to test whether students engaged in re-organization of 

information from the text as they wrote their notes. A “restructuring” score was computed using 

a Spearman’s Rho rank-order correlation between the original order of ideas in the text, and the 

order that ideas were mentioned in each student’s notes (with a correlation of 1 representing that 

all ideas included in a student’s notes followed the exact order of the text and correlations less 

than 1 representing a mismatch between the order of idea units in the notes and the original text). 

This value was then subtracted from 1 so that higher scores would reflect greater re-organization 

or restructuring. 

Finally, in an attempt to evaluate the degree to which participants engaged in constructive 

processing during study, the notes were coded for the presence of any idea units that represented 

new information. This could have included idea units that brought in prior knowledge or the 

development of relationships between concepts that were not explicit in the text. Notes were 

coded for the proportion of new idea units out of the total number of idea units in the notes. 

However, only two participants included any new ideas in their notes. (They discussed sine 

waves using more specific vocabulary than was used in the text.) Due to the low incidence of 

new ideas introduced in the notes, no analyses were conducted on this measure. 

Free Recall. Recall scores were calculated by coding for the number of idea units 

contained within the free recall responses out of the total 44 idea units in the text. These 

responses were coded with high interrater reliability, ICC (3, 2) = .90.  

Results 
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 Analyses on the multiple-choice test scores are reported first. A significant main effect of 

expectation condition would provide support for the first hypothesis that expecting to teach 

benefits learning, especially if it occurs after a delay between study and test. If an effect of 

expectation condition is seen for text-based items, then this would provide support for the second 

hypothesis that expecting to teach benefits memory processes. If an effect of expectation 

condition is seen for inference items, then this would provide support for the third hypothesis 

that expecting to teach benefits comprehension processes. Finally, analyses of the effect of 

expecting to teach are performed on the recall responses, and exploratory analyses are conducted 

on measures obtained during the learning process. The analysis scripts and data are available on 

the Open Science Framework (https://osf.io/cr6b7/).  

How Expecting to Teach Affects Learning Outcomes 

Effects of Expecting to Teach on Multiple-choice Test Performance. A 2 

(Expectation: Teach, Test) x 2 (Time of Test: Immediate, Delayed) x 2 (Question Type: Text-

based, Inference) mixed-design analysis of covariance (ANCOVA) controlling for ACT score 

and prior knowledge was conducted for performance on the test questions
2
. Initial tests indicated 

no violations of the assumptions of normality, Levene’s test of homogeneity of variance, and 

linearity. Homogeneity of regression slopes was examined by testing interactions of the 

independent variables with the covariates; none were significant (ps > .28). Therefore, the 

assumption of homogeneity of regression slopes was also satisfied. Inter-correlations among 

covariates and the dependent variables are presented in Table 2.  

As seen in Figure 1, a main effect of expectation indicated that those expecting to teach 

had higher test performance than those expecting to test, F(1, 200) = 4.94, p = .03, η
2
p = .02. A 

main effect of time of test showed that participants had higher test scores when tested 

                                                 
2
 Analyses are presented without the prior knowledge covariate in Appendix C.  
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immediately than at a delay, F(1, 200) = 10.97, p = .001, η
2
p = .05. Further, there was no 

significant interaction between these two factors, F(1, 200) = 0.60, p = .44, η
2
p = .00, meaning the 

effect was found both immediately and at a delay. Thus, the first hypothesis that expecting to 

teach would improve learning (even when tested at a delay) was supported. 

Additionally, test scores did not differ by question type, F(1, 200) = 2.81, p = .10, η
2
p = 

.01. The expectation by question type interaction was not significant, F(1, 200) = 1.81, p = .18, 

η
2
p = .01, nor was the time of test by question type interaction, F(1, 200) = 0.26, p = .61, η

2
p = 

.00. The three-way interaction also failed to reach significance, F(1, 200) = 1.66, p = .20, η
2
p = 

.01. These results suggest that the effect of expectation was seen regardless of question type (and 

delay). Thus, the hypotheses that expecting to teach would improve both memory and 

comprehension processes were supported. 

Effects of Expecting to Teach on Free Recall. Because of the positive skew and 

overdispersion that is commonly found in count variables, negative binomial regression was used 

to analyze these data (Coxe, West, & Aiken, 2009; Gardner, Mulvey, & Shaw, 1995)
3
. ACT 

score (centered) and prior knowledge (centered) were entered as covariates along with 

expectation and time of test as dummy-coded between-subjects factors.  

A likelihood ratio test indicated that the predictors accounted for a significant amount of 

the variance, χ
2
 (4) = 59.01, p < .001. As seen in Table 3, those expecting to teach recalled 

significantly more idea units than those expecting to test. In addition, those who were tested 

immediately recalled significantly more idea units than those tested at a delay.  

                                                 
3
  Following the suggestions of Coxe et al. (2009), a Poisson regression model was determined to be inappropriate 

because of the overdispersion scaling parameter (ϕ) far exceeding 1 (2.34). In this circumstance, Coxe et al. 

recommend using negative binomial regression. The negative binomial regression provided significantly better 

model fit over the standard Poisson regression, χ
2
 (1) = 103.16, p < .001, and was thus utilized for the analyses on 

this measure. 
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When the interaction between expectation and time of test was included it was not 

significant (p = .94), and it did not improve the fit of the model; hence, it was not included in the 

final model. As in the previous analysis, similar effects were found both immediately and at a 

delay. Because a benefit was seen even when recall was delayed, this result is consistent with the 

test results, and provides converging evidence that expecting to teach is improving learning. 

Summary for Effects of Expectations on Learning Measures. The main effects of 

expectation, and the fact that an effect of expectation was seen even on delayed tests, provide 

evidence that expecting to teach is improving learning. Further, the fact that the effects were seen 

on both text-based and inference test items provides evidence that expecting to teach led to better 

memory and comprehension for this text. Given these findings, the next goal for analyses was to 

explore how expecting to teach might be changing the learning process, and whether differences 

in selectivity, organization, or motivation may help to explain the benefits. 

How Expecting to Teach Affects the Learning Process 

Effects of Expecting to Teach on Note-taking Content. A 2 (Expectation) x 2 (Time of 

Test) x 2 (Importance Level: More-important, Less-important) mixed-design ANOVA was 

conducted on the proportion of idea units included in the notes (out of the total possible). As 

shown in Figure 2, there was a main effect of expectation, F(1, 202) = 8.33, p = .004, η
2
p = .04, in 

which those expecting to teach included a greater proportion of the idea units in their notes than 

those expecting to test. There was a main effect of time of test, F(1, 202) = 5.17, p = .02, η
2
p = 

.02, in which all participants took more extensive notes in the delayed condition. However, there 

was no interaction between expectation and time of test, F(1, 202) = 0.80, p = .37, η
2
p = .00.  

There was also a main effect for importance level, as all participants included a greater 

proportion of the more-important ideas in their notes than less-important ideas, F(1, 202) = 
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174.72, p < .001, η
2
p = .46. Neither the expectation by importance level interaction, F(1, 202) = 

0.08, p = .78, η
2
p = .00, nor the time of test by importance level interaction reached significance, 

F(1, 202) = 0.24, p = .62, η
2
p = .00. The three-way interaction was also not significant, F(1, 202) 

= 0.00, p = .99, η
2
p = .00. The lack of an interaction between expectancy and importance level 

seems inconsistent with the proposed selection mechanism that the benefits of expecting to teach 

are caused by participants’ focusing selectively on the most important ideas in the text during 

study. There was no evidence that the expectation manipulation affected the relative selection of 

more-important over less-important ideas in the notes. Nevertheless, as shown in Table 2, when 

students did take notes that included a larger proportion of the more-important information, it 

was positively related to better learning as measured by free recall, and tended to be related to 

better learning as measured by test performance.  

Effects of Expecting to Teach on the Organization of Notes. The amount of 

reorganization in the order of ideas from the text to the notes is shown in Figure 3. A 2 

(Expectation) x 2 (Time of Test) ANOVA on the amount of reorganization seen in the notes 

revealed no differences across conditions. Neither the main effect for expectation, F(1, 202) = 

2.07, p = .15, η
2
p = .01, for time of test, F(1, 202) = 0.91, p = .34, η

2
p = .01, nor the interaction 

were significant, F(1, 202) = 0.52, p = .47, η
2
p = .00. In general, the notes showed very little 

restructuring. If anything, the non-significant trend showed more reorganization in the order of 

idea units in the condition expecting to test. This is inconsistent with the proposed organization 

mechanism that the benefits of expecting to teach stem from reorganizing ideas during study.  

 Arousal and Study Ratings. As shown in Table 1, the expectancy conditions differed on 

several ratings. Consistent with concerns raised by Renkl (1995), participants who were 

expecting to teach reported feeling more stressed in this experiment. However, those expecting 
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to teach also reported the text to be more interesting, the experiment to be more enjoyable, a 

greater desire to learn more about the topic, and investing more effort into the task. Because the 

study ratings were highly related (Interesting, Enjoyable, Learn More, and Effort), a single factor 

was computed using Principal Components Analysis which accounted for 65% of the variance 

from the study ratings. As shown in Table 2, this motivation factor was positively related to 

learning outcomes. These results are consistent with the proposed role of motivation in expecting 

to teach effects. 

 In an attempt to test this proposal more formally, a sequential mediation model was tested 

(using Lavaan; Rosseel, 2012). The first mediator was motivation. The second mediator was the 

important notes measure (proportion of more-important idea units included in the notes). The 

independent variable used in the analysis was expectation, and the dependent variable was total 

performance on the multiple-choice test
4
. Although motivation and important notes were 

significantly related to test performance using simple correlations, when entered into the 

mediation model, they were no longer significantly predictive of learning. As shown in Figure 4, 

although the standardized regression coefficient between condition and motivation was 

significant, the standardized regression coefficients between motivation and test score, 

motivation and notes, and notes and test score were not. The significance of the indirect effect 

was computed, using the logic of Preacher and Hayes (2008), for each of 10,000 bootstrapped 

samples, and the 95% confidence interval was computed by determining the indirect effects at 

the 2.5
th

 and 97.5
th

 percentiles. The bootstrapped standardized effect was .001, and the 95% 

                                                 
4
 Performance on the text-based and inference questions were correlated (r = .20, p = .003). Because of this a total 

score on the multiple-choice test was calculated for the dependent variable used in the mediation analysis. However, 

patterns remained the same even when test performance on text-based and inference questions was tested separately. 
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confidence interval crossed zero [-.002, .005]. Thus, the indirect effect was not significant
5
. This 

suggests that although expecting to teach did improve motivation, it appears motivation could 

not be shown to be responsible for the effects of expecting to teach on learning either via 

changes in selection of important ideas in the notes, or otherwise. 

 Summary of Results. These results provide evidence that expecting to teach is affecting 

learning of an expository science text on the Doppler Effect. Importantly, expecting to teach led 

to better learning on a delayed test suggesting that it resulted in durable learning over time. 

Further, the fact that the effects were seen on both text-based and inference test items provides 

evidence that expecting to teach led to better memory and comprehension for this text. Since the 

materials used in this experiment were written below grade-level for these college readers, the 

main goal for Experiment 2 was to test how expecting to teach might affect learning with a more 

difficult expository text, written at an appropriate grade level for college readers. 

Experiment 2 

Experiment 1 provided initial support that expecting to teach seems to benefit both 

memory and comprehension of a simple expository text. Experiment 2 tested whether those 

benefits would remain with materials written at an appropriate grade level for readers. While 

simpler expository texts, such as the Doppler Effect text used in Experiment 1, may explicitly 

state important causal relationships directly in the text, more difficult expository texts may 

require the reader to generate more inferences in order to construct a coherent mental model 

from the text. It is possible that when students are asked to learn from materials that are more 

appropriate for their grade level (rather than written below their grade level) and that leave more 

relations implicit, this will require additional processing that could attenuate the benefits of 

                                                 
5
 Mediation models with the individual motivation measures from the study ratings, motivation factor, and important 

notes as sole mediators were also tested. Neither mediator alone resulted in a significant indirect effect. 



EXPECTING TO TEACH 29 

expecting to teach (McNamara, Kintsch, Songer & Kintsch, 1996; Voss & Silfies, 1996). In 

contrast, if expecting to teach draws attention to these implicit inferences that need to be 

constructed, then expecting to teach may improve comprehension even with more difficult 

expository texts and could even amplify the benefits. 

Method 

Participants 

The sample consisted of 214 undergraduates (129 females, Mage = 18.90, SDage = 1.12). 

Self-reported racial composition was 38% Hispanic, 27% White, 22% Asian, and 8% Black. 

As in Experiment 1, participants were randomly assigned to an expectancy condition 

(expect to test or expect to teach) and a time of test condition (immediate or delayed testing) 

resulting in 4 groups of participants. As shown in Table 4, ACT scores and prior knowledge were 

not significantly different across groups. 

Materials 

All materials are included in Appendix B and are available on the Open Science 

Framework (https://osf.io/cr6b7/). 

Expectation Manipulation and Arousal Ratings. The same expectation instructions 

and arousal ratings from Experiment 1 were used. Descriptive and inferential statistics can be 

found in Table 4. 

Expository Text and Study Ratings. Participants read a 1,331-word grade-level 

appropriate expository text (Flesch Kincaid Grade Level, 10.8) that described how yeast is used 

to produce alcohol in the fermentation process as well as the production process of fermented 

beverages which contained 147 idea units (see Appendix B). The text describes a causal model 

of microorganism reproduction by describing the process of how new molecules are created 
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through anaerobic fermentation and how those molecules are then converted into alcohol. 

Additionally, the text describes how various characteristics of yeast strains can influence alcohol 

production and how differences in the rates that sugars are metabolized during the fermentation 

process can alter the resulting product. 

Three experts were asked to identify the subset of idea units most important to 

developing an understanding of the fermentation process. Any idea unit identified as important 

by two or more experts was coded as more important (67 out of 147). These idea units were 

assumed to contribute the most value to the development of a mental model of the text. The 

remaining 80 idea units were designated as less important (but not irrelevant) for understanding 

the fermentation process. 

The same study ratings from Experiment 1 were collected. Participants found the 

fermentation text (Difficulty: M = 3.47, SD = 2.03; Understanding: M = 6.92, SD = 2.07) used in 

Experiment 2 to be significantly more difficult, t(418) = 4.60, p < .001, d = .45, and harder to 

understand, t(418) = -4.11, p < .001, d = .40, than the Doppler Effect text (Difficulty: M = 2.64, 

SD = 1.65; Understanding: M = 7.72, SD = 1.93) used in Experiment 1. In addition to having a 

higher word count and being written at a higher grade level, other metrics from automated text 

analyses (Coh-Metrix; Graesser, McNamara, Louwerse, & Cai, 2004; McNamara, Graesser, 

McCarthy, & Cai, 2014) showed that the fermentation text (z = 0.85) contained a lower degree of 

referential cohesion than the Doppler Effect (z = 1.53) indicating that the reader would be 

required to make more connections themselves. The fermentation text (z = -2.55) also contained 

less explicit logical connectives than the Doppler Effect text (z = -1.29) indicating that relations 

between ideas within the fermentation text may be more implicit, again requiring the reader to 

make more connections themselves. Thus, these metrics as well as student perceptions of the 
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texts and the pilot studies on test items (below) all provided converging evidence that the 

fermentation text was a more difficult text than the Doppler Effect text used in Experiment 1. 

Multiple-choice Test Questions. As shown in Table B1 and similar to Experiment 1, 

five text-based and five inference questions were created. As in Experiment 1, all of the test 

questions were related to the idea units categorized as most important to developing an 

understanding of the fermentation process by the experts. Collectively, the questions tested all 

sections of the text. 

To validate the distinction between these question types, as in Experiment 1, an 

independent set of participants (n = 20) were asked to read the text and sort the test questions 

into text-based and inference categories. Participant ratings demonstrated consensus on the 

distinction between the question types as the raters showed a high level of agreement with the 

intended categories (overall agreement 81%, agreement for inference items 75% (range 60-90%), 

agreement for text-based items 86% (range 70-100%)). The majority of text-based questions that 

were mis-categorized as requiring an inference involved a paraphrase between the text and test 

question. All inference questions that were mis-categorized as text-based involved a bridging 

inference. 

To show that the questions could not be answered from common knowledge, a separate 

group of participants (n = 20) completed all multiple-choice questions without reading the text. 

Accuracy rates were 23% overall. This shows that in general there is low prior knowledge about 

the process of fermentation, and that students did not perform significantly different than chance 

(25%) on these questions without reading the text, t(19) = -0.89, p = .38, d = .20. 

Finally, an additional group (n = 20) completed the test questions while the text was 

available for them to reference. Performance on test questions was high overall (78%), but it was 
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especially high for text-based questions (Text-based: M = 88%, SD = 15%; Inference: M = 69%, 

SD = 31%) resulting in a significant difference in performance between question types, t(19) = 

2.45, p = .02, d = .55, and suggesting less overlap between the textbase and situation model for 

this text than the Doppler Effect text. 

Free Recall. The same free recall instructions from Experiment 1 were used.  

Final Survey and Manipulation Check. Participants were asked to complete the same 

final survey as was used in Experiment 1. Of the students who were expecting to teach, when 

asked to recall what they would be expected to do after studying the text, 11 additional 

participants did not recall that they would have to teach another student and were excluded from 

analyses leaving the 214 participants described above. Additionally, a one-sample t-test (against 

the midpoint) indicated that participants did believe that they would have to teach another 

student, M = 5.13, SD = 1.48, t(102) = 11.15, p < .001, d = 1.10. 

Parallel to Experiment 1, participants were asked to report their prior knowledge both 

during an initial screening survey at the start of the semester and in a final survey completed 

after the experiment. Prior knowledge responses given during initial screening (n = 167) were 

highly correlated with prior knowledge responses given during the final survey, r = .89, p < .001. 

Because complete data was only available for the final survey, these scores were used in 

analyses. 

Procedure 

The procedure was identical to Experiment 1. The only exception was that participants 

were given 20-min to study the fermentation text, instead of the 10-min provided for the Doppler 

Effect text used in Experiment 1. 

Coding 
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Notes. Two raters coded the notes for the idea units included by participants with high 

interrater reliability, ICC (3, 2) = .94. As in Experiment 1, this coding was used to compute the 

proportion of more-important idea units included in the notes, less-important idea units included 

in the notes, and the extent to which the order of the idea units in the notes matched the order in 

the original text. Similar to Experiment 1, only one participant included a new idea in their notes. 

(They stated that they had learned about fermentation in their biology class.) Due to the low 

incidence of new ideas introduced in student notes, no analyses were conducted on this measure. 

Free Recall. Recall scores were calculated by coding for the number of idea units 

contained within the free recall responses out of the total 147 idea units in the text. These 

responses were coded in an identical manner to Experiment 1 and resulted in high interrater 

reliability, ICC (3, 2) = .98.  

Results 

All analyses followed the logic and procedures adopted in Experiment 1. 

How Expecting to Teach Affects Learning Outcomes  

Effects of Expecting to Teach on Multiple-choice Test Performance. A 2 

(Expectation) x 2 (Time of Test) x 2 (Question Type) mixed-design ANCOVA controlling for 

ACT scores and prior knowledge was conducted for performance on the test questions
6
. Initial 

tests indicated no violations of the assumptions of normality, homogeneity of variance, and 

linearity. Homogeneity of regression slopes was examined by testing interactions of the 

independent variables with the covariates; none were significant (ps > .17). Therefore, the 

assumption of homogeneity of regression slopes was also satisfied. Inter-correlations among 

covariates and the dependent variables are presented in Table 2.  

                                                 
6
 Analyses are presented without the prior knowledge covariate in Appendix C. 
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As seen in Figure 5, a main effect of expectation indicated that those expecting to teach 

had higher test performance than those expecting to test, F(1, 208) = 3.95, p = .048, η
2
p = .02. A 

main effect of time of test shows that participants had higher test scores when tested immediately 

than at a delay, F(1, 208) = 31.25, p < .001, η
2
p = .13. Further, there was no significant 

interaction between these two factors, F(1,208) = 0.48, p = .49, η
2
p = .00, meaning the effect was 

found both immediately and at a delay. Thus, the first hypothesis that expecting to teach would 

improve learning was again supported. 

A main effect of question type showed that participants had higher mean scores on text-

based questions than on inference questions, F(1, 208) = 43.28, p < .001, η
2
p = .17, yet the 

expectation by question type interaction was not significant, F(1, 208) = 1.31, p = .25, η
2
p = .01. 

In addition, neither the time of test by question type interaction, F(1, 208) = 0.84, p = .36, η
2
p = 

.00, nor the three-way interaction was significant, F(1, 208) = 0.02, p = .89, η
2
p = .00. These 

results suggest that the effect of expectation was seen regardless of question type (and delay). 

Thus, the hypotheses that expecting to teach would improve both memory and comprehension 

processes were supported. 

Effects of Expecting to Teach on Free Recall. As Experiment 1, negative binomial 

regression was used to analyze these data
7
. ACT score (centered) and prior knowledge (centered) 

were entered as covariates along with expectation and time of test as dummy-coded between-

subjects factors. A likelihood ratio test indicated that together the predictors accounted for a 

significant amount of the variance, χ
2
 (4) = 83.11, p < .001. As seen in Table 5, those expecting 

to teach recalled significantly more idea units than those expecting to test. In addition, those who 

were tested immediately recalled significantly more idea units than those tested at a delay.  

                                                 
7
 Following Experiment 1, the negative binomial regression was also used to analyze this measure. Again, the 

negative binomial regression provided a significantly better model fit than the standard Poisson regression, χ
2
 (1) = 

252.43, p < .001. 
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When the interaction between expectation and time of test was included in the model it 

was not significant (p =.81) and did not improve the fit of the model; hence, it was not included 

in the final model. Consistent with the prior analyses, similar effects were found both 

immediately and at a delay. Because a benefit was seen even when recall was delayed, this result 

is consistent with the test results, and provides converging evidence that expecting to teach is 

benefiting learning. 

Summary for Effects of Expectations on Learning Measures. Again, the main effect 

of expectation, and the fact that an effect of expectation was seen even on delayed tests, provide 

evidence that expecting to teach is benefiting learning even with more difficult text. Further, the 

fact that the effects were seen on both text-based and inference test items provides evidence that 

expecting to teach led to better memory and comprehension for this text. Given these findings, 

the next goal for analyses was to explore how expecting to teach might be changing the learning 

process, and whether differences in selectivity, organization, or motivation may help to explain 

the benefits. 

How Expecting to Teach Affects the Learning Process 

Effects of Expecting to Teach on Note-taking Content. A 2 (Expectation) x 2 (Time of 

Test) x 2 (Importance Level: More-important, Less-important) mixed-design ANOVA was 

conducted on the proportion of idea units included in the notes (out of the total possible). As 

shown in Figure 6, there was a significant three-way interaction, F(1, 210) = 6.48, p = .01, η
2
p = 

.03. Two other significant effects help to explain the interaction. First, there was a main effect for 

importance level, F(1, 210) = 97.24, p < .001, η
2
p = .32, which indicated that all participants 

included a greater proportion of the more-important idea units than the less-important idea units. 

There was also a main effect of expectation, F(1, 210) = 8.27, p = .004, η
2
p = .04, which indicated 
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that those who were expecting to teach included a greater proportion of the idea units in their 

notes than those expecting to test. The main effect of time of test was not significant, F(1, 210) = 

0.01, p = .91, η
2
p = .00. The two-way interaction between expectancy and importance level was 

not significant, F(1, 210) = 1.51, p = .22, η
2
p = .01, nor was the two-way interaction between 

expectation and time of test, F(1, 210) = 3.47, p = .06, η
2
p = .02. The time of test by importance 

level interaction was also not significant, F(1, 210) = 0.78, p = .38, η
2
p = .00. 

To follow-up the significant three-way interaction, the immediate and delayed conditions 

were examined separately. Divergences in statistical effects were seen in two places. First, in the 

immediate condition, only the importance level effect was significant, F(1, 105) = 74.09, p < 

.001, η
2
p = .41. There was no effect of expectation, F(1, 105) = 0.51, p = .48, η

2
p = .01, nor an 

interaction, F(1, 105) = 1.11, p = .29, η
2
p = .01. In contrast, in the delayed condition, the 

importance level effect remained significant, F(1, 105) = 33.00, p < .001, η
2
p = .24, but there was 

also an effect of expectation, F(1, 105) = 11.22, p = .001, η
2
p = .10, and an interaction, F(1, 105) 

= 5.84, p = .02, η
2
p = .05. These results indicate that expecting to teach did not lead to more 

extensive note-taking in the immediate condition in Experiment 2, but did lead to more extensive 

note-taking in the delayed condition. Further, participants who were expecting to teach in the  

delayed condition included a significantly greater proportion of more-important idea units in 

their notes than all other participants. The presence of the interaction between expectation and 

importance level among students in the delayed condition provides the strongest evidence in 

these experiments in support of the proposed selection mechanism, suggesting that part of the 

benefits of expecting to teach in this condition may be caused by some students focusing to a 

greater extent on more important ideas while studying the more difficult expository text. At the 

same time, the main effect for importance level in both conditions showed that all students 
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tended to include more more-important ideas than less-important ideas in their notes. Similar to 

the results seen in Experiment 1, Table 2 shows that students who took notes that included a 

larger portion of the more-important ideas did better on the recall task, and tended to perform 

better on the multiple-choice tests. 

Effects of Expecting to Teach on the Organization of Notes. The amount of 

reorganization in the order of ideas from the text to the notes is shown in Figure 7. A 2 

(Expectation) x 2 (Time of Test) ANOVA on the amount of reorganization seen in the notes 

revealed no differences across conditions. Neither the main effect of expectation, F(1, 210) = 

1.19, p = .28, η
2
p = .01, nor the main effect of time of test, F(1, 210) = 0.10, p = .75, η

2
p = .00, 

were significant. The interaction was also not significant, F(1, 210) = 1.30, p = .26, η
2
p = .01. In 

general, the notes showed very little restructuring. This is inconsistent with the proposed 

organization mechanism that the benefits of expecting to teach stem from the reorganization of 

ideas during study. 

Arousal and Study Ratings. As shown in Table 4, in Experiment 2 no differences were 

seen in any ratings due to expectation condition. Students did not report feeling more stressed in 

Experiment 2, but they also did not report being more motivated. As in Experiment 1, a 

motivation factor was computed using Principal Components Analysis which accounted for 66% 

of the variance from the study ratings (Interesting, Enjoyable, Learn More, and Effort). As 

shown in Table 2, the motivation factor was again positively related to test performance. 

However, the lack of a difference in these ratings across expectation conditions is inconsistent 

with a proposed role for motivation for the effects of expecting to teach. Instead, the only 

differences that emerged were for participants in the delayed condition to report a greater desire 
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to learn more about the topic than participants in the immediate condition, and a tendency to 

report the experiment as being more enjoyable.  

Even though no differences in motivation were found across expectation conditions in 

Experiment 2, the same serial mediation model used in Experiment 1 is reported for 

completeness (using Lavaan; Rosseel, 2012). Although motivation and important notes were 

significantly related to test performance using simple correlations, when entered into the 

mediation model only motivation was significantly predictive of learning
8
. As shown in Figure 8, 

the standardized regression coefficient between condition and motivation was not significant; the 

standardized regression coefficient between motivation and important notes was significant; and 

the standardized regression coefficient between important notes and test score was not. The 

significance of the indirect effect was computed, using the logic of Preacher and Hayes (2008), 

for each of 10,000 bootstrapped samples, and the 95% confidence interval was computed by 

determining the indirect effects at the 2.5
th

 and 97.5
th

 percentiles. The bootstrapped standardized 

effect was .00, and the 95% confidence interval crossed zero [-.003, .002]. Thus, the indirect 

effect was not significant
9
. Hence, motivation could not be shown to be responsible for the 

benefits of expecting to teach on learning via changes in selection of important ideas in the notes, 

or otherwise, in either experiment.  

 Summary of Results. Similar to Experiment 1, these results provide evidence that 

expecting to teach is affecting learning of an expository science text on the fermentation process. 

Again, expecting to teach led to better learning on a delayed test suggesting that it results in 

durable learning over time. Further, the fact that the effects were seen on both text-based and 

                                                 
8
 Performance on the text-based and inference questions were correlated (r = .53, p < .001). Because of this a total 

score on the multiple-choice test was calculated for the dependent variable used in the mediation analysis. However, 

patterns remained the same even when test performance on text-based and inference questions was tested separately. 
9
 Mediation models with the individual motivation measures from the study ratings, motivation factor, and important 

notes as sole mediators were also tested. Neither mediator alone resulted in a significant indirect effect. 
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inference test items provides evidence that expecting to teach led to better memory and 

comprehension for this text. Importantly, the results of Experiment 2 show that benefits from 

expecting to teach could be seen even with a more difficult expository text. 

General Discussion 

The present set of experiments tested if expecting to teach helps to improve learning from 

both simpler and more difficult expository texts. Participants were given either the expectation to 

teach or test followed by the opportunity to study the text. They then completed tests either 

immediately or after a one-week delay. Experiment 1 used a simpler (below grade level) text and 

Experiment 2 used a more difficult (appropriate grade level) text. Importantly, consistent 

findings were shown across experiments with respect to learning outcomes.  

The first hypothesis was that expecting to teach would benefit learning compared to 

expecting to test. This hypothesis was supported by those expecting to teach having higher mean 

test performance both on immediate and delayed tests. Since benefits were seen on a delayed 

test, this suggests that expecting to teach leads to durable learning that persists over time. 

Although Fiorella and Mayer (2013, Experiment 2) did not find a significant statistical difference 

between those who were expecting to test and those who were expecting to teach when tested at 

a delay, it is possible that their non-significant results were because they did not have enough 

power to detect the effect due to the smaller sample size. 

The second hypothesis was that expecting to teach would benefit memory for the text 

compared to those expecting to test. This hypothesis was supported by those expecting to teach 

having higher mean performance on multiple-choice text-based test questions. These findings are 

consistent with those of Nestojko et al. (2014). They also add to the existing literature by 

showing that expecting to teach can lead to memory benefits both immediately and over time. 
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Further, support was found for the third hypothesis, that expecting to teach would benefit 

comprehension compared to expecting to test. Those expecting to teach had higher mean 

performance on the multiple-choice inference test questions. This result is consistent with the 

findings of Benware and Deci (1984), and effect sizes found on inference questions at a delay 

(Experiment 1: d = .40; Experiment 2: d = .38) are quite similar to those found in prior research 

and used for power calculations (d = .46). For a variety of reasons, prior studies on the benefits 

of expecting to teach were not in a position to clearly test for improvements specifically in 

comprehension outcomes. However, by employing separate sets of text-based and inference 

questions, the present experiments extend prior findings and provide clear support that expecting 

to teach can improve comprehension from expository science texts. Additionally, the better 

performance seen on inference questions that test the situation model at a delay provides clear 

evidence that expecting to teach resulted in long-term benefits in student understanding. 

Other exploratory analyses examined study ratings and behaviors that participants 

engaged in during study. These analyses were intended to provide insight into whether either of 

the two possible mechanisms that have been previously suggested might help to explain the 

benefits of expecting to teach on learning: either that expecting to teach increases motivation and 

engagement in the task (Benware & Deci, 1984) or that it improves the ability to select and 

organize information during study (Bargh & Schul, 1980; Fiorella & Mayer, 2013; Nestojko et 

al., 2014).  

In terms of a potential explanation based in motivation, there was a general positive 

relation found between motivation and learning in both experiments. However, differences in 

motivation ratings between conditions were only found in Experiment 1, and mediation analyses 

indicated that these differences were not fully responsible for benefits seen in learning outcomes. 
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Renkl (1995) also was unable to demonstrate mediation by motivation in his studies. Because the 

present experiments were designed as an attempt to directly replicate and extend the findings of 

past research, the current experiments used the same motivation questions that have been used in 

the precedent work. However, these questions consisted of only a few self-report ratings. It is 

possible that future research using more extensive and established motivation and engagement 

scales could help to clarify the role of motivation in expecting to teach effects (Fredricks et al., 

2011; Martin, 2007; Vallerand et al., 1992).  

In terms of a potential explanation for expecting to teach effects based in changes in 

study behaviors, this research analyzed the notes that students took while studying. Although 

past research on expecting to teach has allowed participants to take notes during study, there 

have not been any prior analyses reported using this trace data. In the present studies, very little 

evidence was found for organization processes during notetaking. On the other hand, all students 

tended to include more important information in their notes, and the extent to which they did so 

tended to predict learning in both experiments. Yet, the expectation condition did not cause 

students to be more selective than others. When looking for differences between the conditions, 

the only evidence that emerged was for more selective notetaking in the delayed condition in 

Experiment 2. While it seems likely that real teachers do engage in selection and organization of 

ideas as they prepare to teach, there was no evidence in this trace data to suggest that the 

expecting to teach benefit was due to participants engaging in these behaviors. However, it may 

be important to note that the participants in these studies (and students in classrooms) are most 

likely novices at teaching. They do not have the training and experience that real teachers do. 

Given that students who engaged in selecting out the most important information from a text 

during study tended to do better on the tests, it may be that clarifying the goals of teaching to 
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include these behaviors would increase the benefits of expecting to teach. Students may need to 

be told explicitly that their goal for teaching is to understand how and why the scientific 

phenomena is occurring, and that they need to select out the most important ideas and organize 

them into a coherent mental model. This may help participants to engage in more effective study 

behaviors in the expecting to teach condition, and in turn this may produce even stronger effects 

from expecting to teach. 

Limitations 

 The main goal of these experiments was to attempt to replicate and extend the findings of 

expecting to teach manipulations. As part of this goal, texts of different difficulty and topics 

were used which provided an advantage in the ability to generalize the findings. However, this 

can also be seen as a limitation. An alternative approach would be to use a more elegant design 

that holds the topic and tests constant and only varies the text difficulty. While this would have 

helped to determine how manipulating difficulty in a particular way affects expecting to teach 

(and could have possibly helped to eliminate other differences between the experiments that may 

have affected the motivation analyses), it would not have helped to ensure generalizability.  

 In the current experiments, study time was held constant across expectancy conditions. 

While this was a strategic design decision intended to rule out the benefits of expecting to teach 

as being merely due to differences in time spent studying, it is possible that this may have also 

limited the benefits of the manipulation. When time is not constrained, participants who are 

given more demanding reading goals often spend more time on the text (Yeari, van den Broek, & 

Oudega, 2015). Had participants been given unconstrained study preparation time in these 

experiments, those expecting to teach may have spent more time on the task as well. And, in this 

additional time, they might possibly have been able to engage in more active construction of 
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their lesson, or a new phase involving revision and reorganization of their notes. Past work 

suggests that these kinds of activities are useful for learning (Hinze, Wiley, & Pellegrino, 2013; 

Luo, Kiewra, & Samuelson, 2016), and engaging in them could have increased the benefits of 

expecting to teach.  

Another potential limitation of this research was that the instructions provided to 

participants were intentionally left vague, so as to not influence what the participants thought 

“expecting to teach” or “expecting to test” meant. It is possible that the interpretation of the task 

goals that were implied by “teaching” and “testing” varied across participants. Of course, 

pursuing different goals can influence the reading process, and lead to differing mental 

representations of the text (Coleman, Brown, & Rivkin, 1997; Geiger & Millis, 2004; Ishiwa, 

Sanjose, & Otero, 2013; Kintsch, 1994; Schmalhofer & Glavanov, 1986; van den Broek, Lorch, 

Linderholm, & Gustafson, 2001; Zwaan, 1994). Without clear signaling of how to approach the 

task of preparing to teach, it is unlikely that students in the expecting to teach condition were all 

adopting the same goals for reading. Some other experiments have provided a bit more 

clarification for the participants about what expecting to teach meant. In the case of Fiorella and 

Mayer (2013), participants were told as part of the teaching expectation that they would be 

“explaining how the Doppler Effect works” to another student, which provides participants with 

a more specific goal. And, this may be a particularly effective goal, as expecting to generate an 

explanation after reading has been shown to improve learning in and of itself (Coleman, Brown, 

& Rivkin, 1997; Fukaya, 2013). Expecting to teach may also be seen as giving students more of 

a purpose for reading (Britt, Rouet, & Durik, 2018). However, as outlined by these authors, just 

providing a reader with a purpose for their reading does not imply that they will know how to 

achieve it. Again, this suggests that by better defining the goals for “teaching”, participants 
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might be better able to engage in appropriate and effective study behaviors as they prepare to 

teach.  

In addition, the instructions provided to all students in these experiments stated that the 

test that would be given would be like a “typical” test. For the purposes of replication and 

generalization, these instructions were taken from Benware and Deci (1984). However, research 

has shown that providing an expectation about the test format (e.g. essay versus multiple-choice; 

McDaniel, Blischak, & Challis, 1994; Thiede, 1996) or question type (e.g. inference versus text-

based; Griffin, Wiley, & Thiede, 2019; Jensen et al., 2014; Thiede, Wiley, & Griffin, 2011) can 

affect learning. When the nature of a test is left undefined, students may generally assume that 

their goal for learning is to try to remember the information, and not necessarily to comprehend 

it (Theide et al., 2010). Thus, informing students about the nature of the final test also helps them 

to alter their reading goals. In the future, it seems promising to test if manipulations that include 

both clear test-expectancies and more explicit task goals might increase the benefits from 

expecting to teach.  

Finally, prior knowledge has been shown to influence text comprehension as it aids the 

reader in making connections to what they already know (Graesser & Bertus, 1998; Kintsch, 

1994). To aid in replication, the current study adopted the self-report measures of prior 

knowledge used in the previous work (Fiorella & Mayer, 2013; 2014) and the practice of 

selecting topics for which most undergraduates might be expected to have low prior knowledge. 

Of course, including more objective tests of knowledge about the topics would be useful to better 

elucidate how prior knowledge may affect the benefits of expecting to teach in future research.     

Conclusions 
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An important contribution of the present experiments is that expecting to teach was found 

to improve learning even at a delay. Improved performance on delayed assessments was critical 

for showing that expecting to teach can promote durable learning over time. It also offers some 

promise that these benefits might be seen in more authentic classroom contexts, as students are 

generally not tested immediately after study in their classes. Though given the non-significant 

findings of the mediation analyses, there is still much more work to be done to understand the 

mechanisms underlying the benefits of expecting to teach. 

The preparation stage is only the first of the three stages of the teaching process that were 

originally outlined by Bargh and Schul (1980). There is already research to suggest that engaging 

in the other stages of the teaching process, which are inherently more generative in nature, can 

lead to additional benefits over just preparing to teach (Fiorella & Mayer, 2013, 2014; Koh, Lee, 

& Lim, 2018; Kobayashi, 2019). The results of the present experiments support the provocative 

claim that a portion of the benefit in learning by teaching is solely due to the first preparation 

stage and from expecting to teach. 
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