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Abstract 

We compared students’ exam performance following one of 
two different types of active learning assignments. In one 
version students read text describing experimental evidence for 
the principle being studied. In the other version, students 
instead created a hypothesis and explanation, and then studied 
and explained the results. The content was matched across 
conditions. Students performed better in exams requiring 
generalization to novel situations, after providing hypotheses 
and explanations than after reading the text and answering 
questions about it. These results suggest that prediction and 
explanation cycles might be a better active learning approach 
to promote generalization and transfer than practice questions. 

Keywords: predict-observe-explain; active learning; retrieval 
practice 

Introduction 
Students learn better when they engage in active learning 
(Freeman et al., 2014; Wieman, 2014). Yet, much 
instructional practice emphasizes passive learning such as 
reading text, attending lectures, and watching videos. 
Contrary to evidence of the clear benefits of active learning, 
students (and a surprisingly high number of instructors) feel 
that passive strategies such as re-reading are useful study 
methods (Morehead et al., 2016). 

This disconnect between evidence and practice highlights 
the need to develop active learning practices that are 
grounded in empirical evidence and can support effective 
learning. One important step is understanding which types of 
active learning practices support transfer of different types of 
knowledge. For example, an active learning practice that 
supports memorization processes might not be equally 
effective for generalization (Koedinger et al., 2011). 

As an initial step towards developing better active learning 
practices, in this paper we compare two different types of 
active learning activities in a psychology course and evaluate 
their impact on students’ learning outcomes. Specifically, we 
compare active learning that involves responding to 
questions after reading a text to active learning that involves 
generating hypotheses and explanations. 

Previous research has shown that, even following an 
introductory course in psychology, students often lack the 
ability to provide clear scientific reasoning and identify 
methodological issues (Lawson et al., 2015). These 
difficulties include generating testable hypotheses and 

connecting scientific evidence to theory. One possible 
explanation is that the learning practices used do not match 
the learning goals. Despite the expectation, across most 
STEM courses, that students learn scientific principles 
through the study of empirical evidence, most learning 
practices are either passive (e.g., reading) or focus on active 
learning that promotes memorization of evidence, instead of 
extrapolation (e.g., retrieval practice or pre-questions). 

In this research, we compare the use of practice questions 
and another active learning practice: the predict-observe-
explain process. As we discuss in greater detail below, the 
use of practice questions has been shown to successfully 
improve learning and memory for studied facts, whereas the 
predict-observe-explain process promotes predicting and 
explaining evidence and therefore has the potential to foster 
scientific understanding and inductive processes. 

Practice questions approach 
Learning from reading is remarkably poor compared to active 
learning. For example, completing more practice activities is 
a better predictor of learning in online courses than 
completing more readings (Carvalho et al., 2017). 
Furthermore, practices that reduce the amount of reading 
often improve learning; across multiple studies, learners 
remembered more facts when they read only the summaries 
instead of the textbook prose, even when the critical 
information was highlighted (Reder & Anderson, 1980a). 

Several active learning strategies have been suggested to 
improve learning from passive information. These often 
include questions either before the text (pre-questions; e.g., 
Rickards, 1976a), along with reading the text (Rickards, 
1976b), or after reading the text instead of re-reading 
(Roediger & Karpicke, 2006). The inclusion of practice 
questions, in any of these ways, has been shown to improve 
learning compared to having no questions (Pressley, 
Tanenbaum, McDaniel, & Wood, 1990; Richland, Kornell, & 
Kao, 2009; Rickards, 1976b, 1976a), re-reading the materials 
instead of answering the questions (Butler & Roediger, 2007; 
Richland et al., 2009), or reading the questions along with the 
answers (Carpenter et al., 2017). 

Several (not mutually exclusive) mechanisms have been 
suggested for why practice questions improve learning. 
Practice questions orient the learner towards the critical 
aspects of the text or video (Reder, 1980b), they require the 
learner to retrieve previous information (Roediger & 
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Karpicke, 2006), and they act as metacognitive checks on the 
learners’ knowledge (Bjork et al., 2013). Although the exact 
mechanisms of why practice questions improve learning are 
still debated, the active learning nature of practice questions 
compared to only reading is undeniable.  

Importantly, most of the research on the benefits of practice 
questions has focused on retrieval of information. That is, the 
amount of information learners can successfully recall from 
the text or video provided. Thus, it is possible that, despite its 
high effectiveness in improving learners encoding and recall 
of information (compared to passive learning), practice 
questions might not elicit induction and refinement processes 
(Koedinger et al., 2011). When the goal of learning is to 
generalize or induce scientific principles from specific 
empirical examples, practice questions may be insufficient. 

The Predict-observe-explain approach 
Another active learning approach is the use of the predict-
observe-explain process to guide learners through learning 
materials, often regarding empirical results (White & 
Frederiksen, 1998). In the predict-observe-explain (POE) 
process, learners are introduced to a scientific question (e.g., 
Are we influenced by group pressure?) and an experimental 
setup (e.g., Two groups are answering questions about line 
lengths. In one group participants answer questions 
individually, in the other group participants answer 
questions in a group in which 4 people previously provided 
the ostensive wrong answer). Learners are then asked to make 
a prediction about the study results (Predict step). After 
learners make their predictions, they are presented with the 
experimental results (Observe step), usually in the form of a 
graph or table, and then asked to explain why the 
experimental manipulation yielded such results (Explain 
step). 

When compared to business-as-usual classroom practices 
(passive learning), POE has been shown to improve learning 
(Karamustafaoglu & Mamlok-Naaman, 2015; Kibirige, 
Osodo, & Tlala, 2014; White & Frederiksen, 1998). The 
exact mechanisms through which POE improves learning are 
not well understood. It may involve the ability to directly 
address a priori misconceptions students might have with 
evidence that directly contradicts it (Kowalski & Taylor, 
2009). It may also involve creating explanations, which 
might improve learning as repeatedly shown with the self-
explanation effect (VanLehn, Jones, & Chi, 1992). In 
particular, creating explanations has been shown to promote 
generalization and transfer (Lombrozo, 2006), albeit hurting 
memory (Williams & Lombrozo, 2010). 

Regardless of the exact mechanism, POE has the 
distinctive feature of providing active learning, similar to 
practice questions. However, POE emphasizes generalization 
and extrapolation from data, whereas practice questions 
emphasize rote memorization of the information provided in 
the text. Thus, it is possible, even likely, that POE leads to 
better learning than practice questions when we test students’ 
ability to generalize evidence covered in class. 

The present study 
The main goal of this initial study is to compare the learning 
benefits of two active learning approaches – practice 
questions and predict-observe-explain – for generalization of 
empirical evidence to new situations. Unlike previous 
research, we compare a POE approach not with business-as-
usual passive learning practices, but with another active 
learning practice shown to also improve learning. 

We used an in-vivo procedure in which we embedded an 
experimental manipulation in the instructional activities of an 
introductory undergraduate Social Psychology course. To 
increase power and decrease potential issues related to 
individual differences, we used a within-subjects design. 
There were two conditions: a practice questions condition 
and a predict-explain-observe-explain (PEOE) condition. In 
the practice questions condition, students read the description 
of three social psychology studies for two different social 
psychology topics and were asked to answer questions about 
those materials. In the PEOE condition, students studied the 
same empirical studies but were only provided the research 
question and experimental design before being asked to 
predict the outcome, explain their prediction, observe a plot 
of the results, and explain the results observed. We included 
the additional explanation step compared to the typical POE 
to maximize the potential benefit of self-explanations 
associated with POE. 

Students completed a series of open-ended and multiple-
choice questions as part of their exam. None of the questions 
in the exam probed memory for the specific studies practiced 
or asked about specifics of those studies. Instead, questions 
asked students to apply general knowledge about the 
principles to novel situations or relate it to other principles 
covered in class. We measured students’ performance on 
exam questions about the topics covered in the activity, 
general exam performance, time spent completing the 
activities, and performance on the activities themselves. 

We predicted that active learning that involves PEOE will 
result in improved generalizable learning and transfer to other 
topics. 

Method 

Participants 
One hundred nineteen undergraduate students volunteered to 
participate in the study as part of their Social Psychology 
course taught by the second author at Carnegie Mellon 
University. All students completed all conditions (see below 
for details), order counterbalanced across participants. Forty-
four students did not complete at least one assignment before 
each exam and their data were excluded from analyses. The 
final sample includes data from 75 students. 

Materials 
Study materials were created using the Open Learning 
Initiative (OLI) authoring tools and distributed to students as 
assignments using the course’s Canvas website.  
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Table 1: Topics of the six assignments and schedule. 
Assignment Topic Course week 

1 Obedience 1 
2 Cognitive Dissonance 2 
 Exam 1 5 
3 Conformity 8 
4 Social Facilitation 9 
 Exam 2 10 
5 Stereotype Threat 11 
6 Misattribution of Arousal 14 
 Exam 3 15 
 Final Exam Finals week 

 

For assignments 3-6 (see Table 1), we created two 
versions: Practice Questions and PEOE. The first two 
assignments did not have a PEOE version and were used as a 
baseline condition. 

 

 
Figure 1: Example of one of the assignments in the Practice 

Questions condition. 
 
Each assignment covered three empirical studies in Social 

Psychology about a topic covered in that unit. The studies 
were chosen for their relevance and representativeness for the 
topic but were not covered by the instructor in class (though 
the topic was). Table 1 includes all topics covered. 

The Practice Questions version of the materials included a 
short description of the study procedure and background, and 
description of the hypothesis, predictions, results (including 
a plot), and conclusions of the study (see Figure 1). After the 
text, students were asked to answer four open-ended 
questions about the text they just read: (1) What were the 
researchers’ predictions?, (2) Why did the researchers make 
those predictions?, (3) What did the results show?, and (4) 
Why did participants respond that way?. Answers to each of 
these questions were clearly and succinctly stated in the text 
students had just read. No feedback was provided for any of 
the questions. Although questions were presented after the 
text, because they were in the same page, students were free 

to use the questions as pre-questions or along with the text as 
they wished. 

The PEOE version of the materials started with a brief 
description of the study procedure and background (same 
paragraph as in the Practice Questions version). After that 
paragraph a series of questions instantiating the predict-
explain-observe-explain procedure were presented, one at 
time: (1) What do you expect will happen?, (2) Why do you 
think [hypothesis selected]?, (3) The graph above shows the 
results of this study. What do the results show?, and (4) Why 
do you think the results show [results]? (see Figure 2 for an 
example) 

 

 
 

Figure 2: Example of one of the assignments in the PEOE 
condition. 

 

Questions (1) and (3) were multiple-choice questions in 
which the same three possible hypotheses were presented, but 
the graph with the experimental results was presented only 
along with question (3) and not before students answered (1) 
and (2). Questions (2) and (4) were open-ended questions. 
Feedback was provided only to questions (3) and (4). 
Feedback for question (3) indicated the correct description of 
the results and feedback for question (4) indicated the 
conclusions extracted by the experimenters in the target-
study and matched the corresponding paragraph in the 
Practice Questions version of the materials. 

The two versions of the materials were closely matched for 
active engagement/retrieval (in all versions students had to 
answer questions) and content (the questions and text were 
matched across versions and the same text was used across 
conditions where needed). 

Students completed three non-cumulative exams during 
the semester and a cumulative final exam. For each exam, we 
created five questions targeting the topic covered in the 
activities. Two were open-ended questions asking students to 
apply the principles to novel situations, two were multiple-
choice questions targeting students’ understanding of the 
principle, and another was a multiple-choice question about 
general understanding of research methods. None of the 
exams included questions about the specific studies covered 
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in the activities but included other questions relating activity 
topics with other class topics. The open-ended questions were 
scored by a team of course TAs, blind to condition 
assignment 

Design and Procedure  
The study took place over a semester and the study activities 
were assigned as homework. Students completed two 
assignments before each exam. The first two assignments had 
only a Practice Questions version and were used as a baseline 
condition for all students. A crossover design was used such 
that students were randomly assigned to one of two groups. 
The first group completed the Practice Questions version of 
assignments 3 and 4 (before Exam 2) and the PEOE version 
of assignments 5 and 6 (before Exam 3). The other group 
completed the inverse versions – the PEOE version of 
assignments 3 and 4, and the Practice Questions version of 
assignments 5 and 6. All assignments were due the week the 
topic was covered in class, and students received course 
points if they completed the assignment, regardless of 
performance on the assignment. All students were required to 
complete all course exams. 

Results 
We normalized all measures by calculating z-scores of all 
predictor and outcome measures. This allowed us to compare 
estimates across analyses as normalized effect sizes and 
addressed possible scaling issues related to using very 
different variables in regression models. 

Time spent completing the activities 
Students spent on average more time completing the Practice 
Questions version (M = 53 minutes, SD = 54 minutes) than 
the PEOE version of the assignments (M = 31 minutes, SD = 
35 minutes). This difference was statistically significant 
when controlling for average time spent on baseline 
assignments (M = 55, SD = 53) and counterbalancing 
condition, b = -0.48, t (74) = -4.14, p < .00001. 

We also analyzed the logged data to ascertain that students 
were completing the practice questions in the corresponding 
version of the assignments, and whether they were doing so 
before or after reading the text. Only one student did not 
complete all questions for all assignments (one question was 
left blank). The average number of words written in the 
answer to the questions was 26 (SD = 7), and initial 
inspection of the responses suggests that students actively 
tried to respond and not only directly copy from the text or 
provide random strings. Finally, on average, students spent 
less than a minute on the page before clicking on one of the 
question activities, suggesting that students were using the 
questions as guides to read the text (M = 4.81 seconds, SD = 
5.01 seconds), and not the other way around. 

Exam grades 
Next, we looked at students’ exam performance across 
conditions, controlling for time spent on the assignments, 
counterbalancing condition, performance on the baseline 

exam, and time spent on the baseline assignments. Students 
performed better on the exams covering topics practiced 
using the PEOE version of the assignments than in those with 
topics practiced using the Practice Questions version of the 
assignments (see Figure 3), b = 0.13, t (82.18) = 2.75, p 
=.007. The effect is even larger when we do not control for 
time spent in the activities, b = 0.31, t (74) = 2.65, p = .010. 
 

 
 

Figure 3. Students’ performance on the exams following 
Practice Questions and PEOE activities. 

 

We also looked at the effect of the version of the 
assignments (PEOE vs. Practice Questions) on the questions 
we included in the exam specifically only about the studies 
covered in the assignments. Students showed only slightly 
fewer errors on exam questions specifically about the topics 
covered in the PEOE version of the assignments (M = 0.07, 
SD = 0.10), compared to the Practice Questions version of the 
assignments (M = 0.08, SD = 0.10). This difference was not 
statistically significant when controlling for time spent in the 
activities, counterbalancing condition, performance on the 
baseline exam, and time spent on the baseline assignments, b 
= 0.01, t (74) = 0.07, p = .945. One potential reason for this 
result is the compressed scale. We included only four 
questions referring only to the specific topics covered in the 
activities and, overall, the range was smaller (between 0%-
45% error rate), compared to the range of results for the entire 
sample (between 0%-58% error rate). Importantly, 
performance on the assignment-specific questions was a 
strong predictor of performance on the exam, b = 0.50, t (71) 
= 8.07, p < .00001. This suggests that the overall exam 
differences may be related to potential spillover from 
stronger understanding of a considerable portion of the 
materials covered on the exam, even if the remaining 
questions did not uniquely target assignment topics. 

Quality of students’ predictions 
Beyond time spent on the assignments (included in all 
analyses above), does accuracy on the assignment itself 
predict exam performance? Specifically, do students who 
make correct predictions in the first step of the PEOE version 
benefit more from that assignment activity compared to those 
who make the wrong prediction? To answer this question, we 
compared performance on the exam for students in the PEOE 
condition as a function of their accuracy in the predict step. 
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On average, students made the correct prediction on the first 
try 54% of the time (SD = 18), and 53% of the time when 
considering all tries (SD = 18; mean number of tries = 1.32). 
Importantly, students who made correct predictions on the 
first try performed better in the exam compared to those who 
did not, b = 0.21, t (71) = 2.17, p = .033.  

For comparison, and to determine if this effect is unique to 
the predict step or reflects general ability or compliance 
differences among students, we compared student exam 
performance depending on their accuracy responding to the 
question about the plot – the observe step. The answer to this 
question was presented in the plot if students successfully 
read it. Students provided the correct response to this 
question on the first try 81% of the times (SD = 15), and 82% 
of the times when considering all attempts (SD = 14, mean 
number of tries = 1.28). We found no difference on exam 
performance depending on the students’ accuracy describing 
the graph, b = 0.140, t (71) = 1.44, p = .153. Finally, even 
when controlling for accuracy on the predict step, overall 
students performed better in the exam following PEOE 
activities compared to Practice Questions, b = 0.34, t (82) = 
2.78, p = .007. 

Discussion 
The results of this study suggest that active learning activities 
using a predict-explain-observe-explain approach take less 
time to complete than reading along with practice questions 
while simultaneously yielding better learning, as measured 
by exam performance. 

The predict-observe-explain approach had been used 
before with positive learning outcomes. However, previous 
studies focused on comparing the POE approach to business-
as-usual classroom activities. The present study is, to the best 
of our knowledge, the first study that demonstrates the 
benefits of PEOE when compared to another active learning 
activity recognized to improve learning. 

Reading text materials and answering practice questions is 
an intensive, time-consuming activity and students in the 
current study seem to use the practice questions as reading 
guides, which has been shown to improve learning (Carpenter 
et al., 2017). The effortful use of practice questions could 
make this type of activity a “desirable difficulty” (Bjork, 
1994) – a group of practices that, despite involving greater 
effort and worse immediate outcomes, improve learning in 
the long run. However, the current study shows that, despite 
high compliance and student engagement in the practice 
question assignments, students performed better on topics 
practiced using the PEOE approach. 

Previous research has shown that practice questions are 
effective at improving learning compared to many other 
approaches (Roediger & Karpicke, 2006). Critically, the 
benefit of PEOE compared to practice questions seen here is 
likely to be tied to the different types of assessments and 
corresponding types of learning (Koedinger et al., 2011). 
Previous work assessing the benefit of practice questions has 
focused mostly on verbatim memory for the materials studied 
or conceptual extrapolations that had been probed in the 

practice questions (Butler, 2010; Roediger & Karpicke, 
2006). In the present work, however, the exam asked students 
to generalize psychological principles from the materials 
studied and connect them to other concepts. Under these 
circumstances, learners who created and explained 
hypotheses performed better on the exam than those who read 
the same information and answered questions about it. 
Although we did not include on the exam questions testing 
verbatim memory for the activities in this first study, future 
work will further test this hypothesis by directly comparing 
performance on verbatim and generalization questions. This 
hypothesis is also consistent with previous evidence showing 
that learners who provided explanations in a categorization 
task showed better category generalization but worse 
memory for specific items studied compared to learners 
asked to describe the items (Williams & Lombrozo, 2010). 

Any of the differences between PEOE and practice 
questions could account for the results presented here, 
including the reduced text, asking for explanations, or step-
by-step presentation. Although the main goal of this study 
was not to identify the specific mechanisms that make POE 
(and its PEOE counterpart used here) good for learning, there 
are several suggestions from the current literature. Previous 
work has suggested that addressing previous misconceptions 
by providing hypotheses before seeing the results might 
improve learning of scientific phenomena. Our results do not 
seem to support this hypothesis. Students who provided the 
correct hypothesis on the first try performed better in the 
exam than those who did not.  

An important aspect of PEOE is the several steps of 
explanation required. Providing explanations – even if 
incorrect – might improve learning and generalization by 
promoting integration of new information with previous 
knowledge (Chi, 2000), and by guiding learners’ attention 
towards structural features that are relevant for generalization 
(Lombrozo, 2006; Rittle-Johnson, 2006). Thus, it is possible 
that, compared to practice questions, PEOE led learners to 
connect the information in the assignments with other 
materials from the textbook or class and emphasized critical 
similarities and differences among several examples, within 
the assignments and across sources. 

Importantly, the present study used an in-vivo approach to 
experimentation. That is, we implemented the manipulation 
as part of regular classroom activities using relevant 
materials. This approach increases the external validity of the 
results and their direct relevance for both theory and practice, 
while maintaining precise control over the manipulation. 

In sum, the present results suggest that asking students to 
predict and explain information yields better generalization 
and transfer than other practices known to improve learning 
over passive learning. Future research is necessary to test the 
generalizability of the present results (e.g., does PEOE work 
with other materials beyond scientific results?) and to probe 
the exact mechanisms of action. The present results also 
reiterate the importance of considering the whole learning 
context when identifying the best learning approach 
(Carvalho & Goldstone, 2015; Koedinger et al., 2011). 
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