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Etextbooks have the affordance of providing immediate feedback for review questions on the content. However,
it needs to be clarified what type and placement of feedback is most effective. College and high school students
(N = 390) were randomly assigned to receive either correct-answer-only feedback or elaborative feedback either
in the middle-and-end of the textbook excerpt or the end only. Elaborative feedback at the end of the text had

more accurate posttest scores and more efficient learning (based on time reading per correct answer) than did
other conditions. Metacomprehension accuracy, based on the difference between predicted performance and
actual performance, did not reliably differ by condition. Neither the perceived difficulty of the text nor the re-
view questions reliably differed based on feedback condition. This study has practical implications for the design
of etextbooks provided the findings generalize across disciplines and entire etextbooks.

One advantage etextbooks have over paper textbooks is embedded
review questions with immediate feedback. Indeed, two meta-analyses
have indicated the benefits of feedback on learning from electronic
texts [1,2]. The feedback from review questions may be more effective
when only at the end of the text than segmented in the middle and end of
the text, but there have been few direct comparisons of review question
placement (see [3,4] for exceptions). Furthermore, it needs to be clari-
fied what type of feedback is most helpful for readers [1]. Two feedback
types are knowledge of correct response, in which the reader is informed
of the accuracy of their response and what the correct answer was if they
were inaccurate, and elaboration, in which the reader is provided with
an explanation of why the correct answer is correct in addition to
knowledge of the correct response. Furthermore, there is a call for more
scientific and theoretically grounded studies of feedback [5]. The pri-
mary purpose of this study is to directly test and compare two place-
ments of review questions with feedback (middle and end versus end
only) and two types of feedback (correct response only versus elabora-
tion) to see which best supports learning from the text. Instructors and
publishers may apply these findings to designing review question feed-
back in etextbooks.

Etextbooks have become commonplace in secondary and college
courses due to their cost and convenience [6,7]. Reading from screens
may be cause for concern because multiple meta-analyses have shown
that readers retain and comprehend expository text, such as science or

history content, less well on screen than from paper [8-11]. In these
meta-analyses, the screen conditions were static and lacked interactive
features such as questions with immediate feedback. It should be noted
that some studies have found that reading from paper and screens did
not differ in terms of comprehension. For example, reading texts that do
not require scrolling on a screen tends to be more similar to paper than
reading texts that require scrolling [9,11]. In addition, college students
reading from a tablet rather than a laptop may yield comprehension
similar to paper [12,13].

However, laptops are the most common digital reading devices [14]
and etextbooks often require scrolling to read. Therefore, it is necessary
to find ways to optimize the interactive features of etextbooks to support
student learning. One of these interactive features is questions with
immediate feedback, which is difficult or impossible with paper texts.
One proposed reason that readers remember and comprehend less from
screens than paper is that readers are overconfident about how well they
understand the text when reading from screens [15]. In other words,
readers’ awareness of how well they understand the text, known as
metacomprehension, may be more inaccurate when reading from a
screen compared to reading from paper. This lack of meta-
comprehension accuracy when reading from screens may lead to less
engagement and comprehension [8,16]. Review questions with feed-
back are a potential means to improve metacomprehension accuracy. By
answering questions and obtaining feedback about their comprehension
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prior to assessment, readers would be able to use the feedback to adjust
their metacomprehension to be more accurate [17]. Indeed, both correct
response and elaborative feedback during learning improved meta-
cognitive accuracy in a geometry task [18]. However, it is uncertain
whether these effects would carry over to reading. Improvements in
metacomprehension accuracy could potentially prompt readers to
reread or engage in reading strategies to better understand the text [19,
20], which could potentially explain previously found benefits of feed-
back in reading comprehension [1]. Therefore, metacomprehension is
examined in this study.

Readers’ attitudes about feedback targeting text comprehension are
an under-examined area in need of further inquiry [21]. One aspect of
attitudes that may be particularly important is the perceived difficulty of
both reading the text and answering the review questions. Perceived
difficulty of feedback type is essential to consider because the elabora-
tive feedback would be additional information to process, which could
lead to more difficulty reading the text and answering the questions
[22]. Having the questions in the middle and end of the text would
segment the task into smaller units, which could yield lower perceived
difficulty of both the text and the questions [23]. However, a
meta-analysis indicated that end-of-text feedback is more effective,
likely because the reader was interrupted by the questions placed in the
middle of the text [1]. For these reasons, the difficulty of the text and the
review questions are examined.

Examination of metacomprehension and perceived difficulty are
important because they may shed light on why review questions with
feedback benefit learning from etextbooks. Studying potential mecha-
nisms behind the previously-noted benefits of feedback for learning is
part of a more scientific, systematic approach to testing effective feed-
back [5]. If the mechanisms behind effective feedback for review
questions are known, then it can be designed more optimally [5],
thereby bolstering student learning from etextbooks). Moreover,
knowledge of mechanisms is needed to properly theorize feedback
research [24]. Knowing how and why feedback for review questions
benefits learning can be used to inform theoretical frameworks to
ground and organize future research in feedback development. There-
fore, the secondary purpose of this study is to examine if there are dif-
ferences in metacomprehension and perceived difficulty among
feedback types that may explain any differences found in learning.

Theoretical background
Background knowledge

The benefits of feedback for reading may be understood through the
construction-integration model of text comprehension [25]. In this model,
readers mentally construct three different levels of representation of a
text. The first is the surface structure, which is the text’s literal words
and phrasing. In the second level, readers connect the ideas expressed by
the words and their phrasing. The situation model is the third level in
which the ideas in the text are integrated with the readers’ background
knowledge [26]. Following this theory, correct-response feedback could
assist in developing the textbase and situation model because it could
correct inaccurate ideas from the text that would be connected with
other ideas from the text and background knowledge. Furthermore,
elaborative feedback may be particularly helpful in providing more in-
formation that serves as background knowledge in creating the situation
model. Indeed, elaborative feedback served as a "knowledge equalizer"
in a study of children playing literacy games [27]. The information
provided in elaborative feedback allowed all children to have access to
background knowledge [27]. Similarly, individuals who did not initially
correctly solve math problems on a practice test benefited more from
elaborative feedback than correct-response-only feedback on their
posttest performance [28]. This is likely because they needed more
background knowledge about how to solve the problem than individuals
who initially solved the practice problems correctly, and the elaborative
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feedback provided scaffolding to compensate for the lack of background
knowledge.

Cognitive resources

Constructing the three levels of representation of a text involves in-
formation processing resources [29,30]. A common feature of theories of
cognition is the assumption that cognitive resources (such as those
needed to process information in text) are limited (e.g., limited capacity
hypothesis, [31]; capacity model, [32]; cognitive load theory, [33]).
Subsequently, there is also a limit to the amount of information one’s
cognitive resources may process and store in memory at a given time.
Placing feedback at the middle and the end of the text may possibly
reduce the amount of information needed to process at a given time. The
review questions in the middle of the text may serve as a manner of
chunking the information into smaller quantities. Following these the-
ories of cognition, it would be expected that questions with feedback in
the middle of the text would benefit learning more than having the
feedback only at the end of the text. If so, middle and end-of-text feed-
back would likely be perceived as less difficult compared to
end-of-text-only feedback. Conversely, the review questions in the
middle of the text may interrupt the reading process, which could in-
crease perceived difficulty more so than end-of-text-only questions (see
[34D).

Correct-response-only feedback may be better processed than elab-
orative feedback as the correct-response-only feedback has less infor-
mation. However, this may depend on the background knowledge the
reader has before reading, given that the elaborative feedback may
provide necessary information to construct a situation model (see [27,
28]). For example, elaborative feedback during practice with electric
circuits was more helpful for learning how to calculate currents than
correct-response-only feedback [35], likely because the information in
the elaborative feedback was perceived as useful.

Metacomprehension

In general, readers tend to have poor metacomprehension accuracy
in that there is a disconnect between their perceived understanding and
their actual understanding of the text [17]. Readers may have the illu-
sion of knowing in which they think they understand the text better than
they actually do [36]. This leads to less strategy use and finishing their
study of the text before they sufficiently understand it [37]. Logically,
having feedback in the middle of the text may assist with meta-
comprehension accuracy more than at the end of the text. This is because
readers would have their inaccurate perceptions of their understanding
corrected earlier if feedback were provided in the middle of the text
rather than only at the end. This could explain why previous studies with
children found benefits of feedback during reading over at the end only
[3,38].

Efficiency

One can infer the amount of cognitive processing of the information
of a text based on reading time [39]. Of particular concern when
considering feedback is whether the time spent processing the feedback
results in benefits to learning from the text. It is particularly important to
consider how the type of feedback may affect efficiency.
Correct-response-only feedback is less information to process than
elaboration feedback and may subsequently be processed faster. How-
ever, elaborative feedback could provide helpful information to better
learn from the text. This may be why a previous study did not find a
difference between correct-response only and elaborative feedback in
cognitive processing time or self-reported mental effort when learning
from an instructional video [40]. Therefore, the time per correct answer
(efficiency; [41]) is examined in this study.

Overall, the findings indicate a need for scientifically and
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theoretically-grounded comparisons of feedback targeted to help college
students’ reading of textbooks. There are studies of feedback timing for
reading with children [3,4,38] and studies on feedback type for video
learning or in domains outside of reading comprehension (e.g., mathe-
matics and science; [28,35,40]). Textbooks are ubiquitously assigned as
course readings in college [7]. It is critical to determine effective ways to
support college students’ comprehension of their textbooks due to its
importance in succeeding academically in postsecondary institutions
[42,43]. Examining the effective design of etextbooks is particularly
important due to their growing popularity [44].

The current study

The overarching purpose of this study is to examine what type of
feedback placed where in the text is best for readers. To address this
purpose, two different placements of feedback (middle-and-end of text
versus end only) and two different types of feedback (correct-response
only and elaborative) were randomly assigned. The main and interactive
effects of feedback type and feedback placement on learning, efficiency,
metacomprehension accuracy, and difficulty were examined. Because
elaborative feedback may provide background knowledge [27], there
may be an interaction between background knowledge and type of
feedback (correct-answer only or elaborative). Therefore, interactions
with feedback conditions and background knowledge are explored
regarding their relation to learning from the text.

An open educational resource (OER) was purposefully selected for
this study. In general, OER allow for editing and redistribution of con-
tent [45]; therefore, instructors may add questions with feedback to an
OER and then share it with others for broader use. Knowing where to
place feedback and whether adding elaboration to the correct response
is helpful for learning would guide customization of OER.

The following research questions guide this study:

1. How do the placement and content of feedback for review questions
affect learning from the text? For this, learning will be examined in
terms of accuracy and efficiency.

2. Does background knowledge vary the effects of the placement and
content of feedback for review questions for learning from the text?

3. How do the placement and content of feedback for review questions
affect metacomprehension accuracy?

4. How do the placement and content of feedback for review questions
affect the perceived difficulty of the task? Both the perceived diffi-
culty of reading the text and answering the review questions are
examined in terms of the difficult of the task.

Methods
Data and materials availability statement

The deidentified data and materials for this study are publicly
available on Open Science Framework [46].

Participants

Prior to data collection, this study was approved on January 16, 2024
by the author’s Institutional Review Board (Protocol Number
IRB0006007). College and high school students (N = 400) over the age
of 18 signed up to participate in this study via the Prolific platform
(payment of USD 10) in January 2024. If participants’ survey comple-
tion time was less than one-third the median completion time, their data
was removed before analysis (<705 s in this study; [47,48]). This led to
the removal of 10 participants’ data; therefore, the analytic sample had
390 participants. In terms of gender identities, 10.5 % were agender,
49.7 % were cisgender men, 34.1 % were cisgender women, 2.6 % were
nonbinary, 1.3 % were transgender, and the remaining participants were
gender fluid, nonconforming, two-spirit, or some combination of gender
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identities. In terms of racial identities, 5.4 % were Asian, 23.6 % were
Black, 0.8 % were Native American, 60.8 % were white, 6.9 % reported
another identity, and the remaining indicated multiple racial identities.
In terms of ethnic identities, 10.3 % indicated Hispanic/Latino identity
and 6.2 % indicated Middle Eastern identity. In terms of native lan-
guages, 34.8 % indicated their native language was English (the lan-
guage used in the experiment), and the remaining indicated a range of
other native languages. The average age was 24.21 years (SD = 5.27
years), and the average number of years in college was 2.76 (SD = 2.63).

Materials

An excerpt from OpenStax’s Psychology textbook (second edition)
on classical conditioning was used as the reading material for this study.
The excerpt is five pages long, with 2679 words. Psychology was chosen
because introduction to psychology is a high-enrollment, general edu-
cation course for high school and postsecondary students [49,50].
Classical conditioning was chosen because it is high in difficulty and
overconfidence and thus a bottleneck concept in introduction to psy-
chology courses [51]. Classical conditioning is also frequently covered
in introduction to psychology classes and textbooks [52] and relates to
many other concepts in psychology [49]. For correct-response-only
conditions, participants received feedback on whether their answer
was correct and, if incorrect, what the correct answer was. For elabo-
ration feedback, participants received feedback on whether their answer
was correct and a one-to-two-sentence explanation of why the correct
answer was correct. The elaboration with the explanation for the correct
answer was provided for both correct and incorrect answers (see Fig. 1
for an example).

Measures
Psychology background knowledge

A general psychology assessment was used to assess background
knowledge. The measure was originally used in Jhangiani and col-
leagues’ (2018) study [53] and has 22 multiple-choice items on various
psychology content. The items were multiple-choice, with one correct
answer and three distractors. Internal consistency was poor (omega =
0.52; calculated using the "psych" function in R; [54]).

Posttests

Ten items from OpenStax’s Psychology testbank were used to assess
learning from the textbook excerpt (OpenStax, 2022). This included four
literal (memorization for facts and definition) and six inferential
(application and analysis) items. Internal consistency was acceptable
(omega = 0.73; calculated using the “psych” function in R; [54]). The
items were multiple-choice, with one correct answer and three
distractors.

Efficiency

Efficiency was calculated by dividing the time in seconds spent
reading and answering the review questions in the textbook excerpt by
the number correct on the posttest (i.e., seconds per correct answer;

[41D).
Metacomprehension accuracy

After reading and answering the review questions and before seeing
the posttest, participants were asked to predict their percent correct on
the posttest using a slider scale ranging from 25 to 100. The slider began
at 25, which is chance accuracy, with four possible options on the
multiple-choice posttest items. Metacomprehension was calculated by
subtracting the predicted percent accuracy from the actual percent
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In experiments by Watson and Rayner, Little Albert was
conditioned to fear a white rat, and then he began to be afraid of

other furry white objects. This demonstrates

O acquisition
(O stimulus discrimination
@ higher order conditioning

) stimulus generalization

The correct answer is stimulus generalization. The definition of
stimulus generalization is demonstrating the conditioned
response to stimuli that are similar to the conditioned stimulus. In
this example, the conditioned stimulus of the white rat was
generalized to similar white, furry objects.

Fig. 1. Example of review question with elaborative feedback

Note. In the correct-answer-only condition, only the first sentence is shown. In all conditions, feedback appears after an answer is selected.

accuracy on the posttest. Scores greater than zero indicate over-
confidence in predicted performance, and scores less than zero indicate
underconfidence in predicted performance.

Perceived difficulty

Participants were asked to report the perceived difficulty of reading
the textbook excerpt and answering the review questions. For the
reading difficulty measure, there were four items in which participants
indicated their level of agreement on a five-point Likert scale (1 is
strongly disagree to 5 strongly agree). The review question difficulty
measure had three items on the same scale. Internal consistency for the
reading difficulty scale was good (omega = 0.89), as was the review
question difficulty scale (omega = 0.82).

Procedure

Participants completed the psychology background measures after
agreeing with the informed consent document. Then, they were
randomly assigned through the Qualtrics algorithm to one of the four
feedback conditions (correct-response only, middle-and-end of text;
correct-response only; end-of-text only; elaborative feedback, middle-
and-end of text; elaborative feedback, end-of-text only). Their time
reading the textbook excerpt and answering the review questions was
recorded. The directions for the review questions encouraged the par-
ticipants to look back at the text to answer the review questions. The
directions also clarified that there would be a posttest on the text con-
tent, and they would not be allowed to look back at the text to answer
the posttest questions. After they finished reading and answering review
questions, participants were asked to predict how well they would do on
the posttest and report the difficulty of both the text and review ques-
tions. Then, they completed the posttest and reported their de-
mographics. They were thanked for their participation and directed back
to the Prolific platform for their payment.

Results

Table 1 displays the Pearson correlations to note the interrelation-
ships among the variables. Efficiency was square root transformed as it
was positively skewed. Posttest accuracy was negatively correlated with
efficiency, metacomprehension accuracy, reading difficulty, and review
difficulty but positively correlated with psychology background
knowledge.

See Table 3 for regression coeffients and significance testing for main
and interactive effects of question placement and feedback type on
dependent variables.

To examine the effects and interaction of review question placement
(middle and end or end only) and feedback type (correct-response only
or elaborative feedback) on posttest accuracy, a mixed-effects model
was estimated using the Ime4 package in R studio (Bates et al., 2015).
Participant and item were random factors. Review question placement
and feedback type were fixed factors, as well as the interaction between
review question placement and feedback type. Accuracy on the posttest
was the dependent variable. There was no indication of a difference
based on review question placement, b = —0.01, SE = 0.03, p = .79.
There was only a marginally significant difference by feedback type, b =
—0.06, SE = 0.03, p = .06. However, there was a reliable interaction
between review question placement and feedback type, b = 0.09, SE =
0.04, p = .04. To investigate the interaction, models to test simple main
effects for question placement were examined separately for correct-
response only and elaborative feedback. When the feedback type was
correct-response only, there were no differences in question placement,
b=-0.01, SE = 0.03, p = .79. When the feedback type was elaborative,
participants with questions only at the end of the text had better accu-
racy than did participants with questions in the middle and the end of
the text, b = 0.08, SE = 0.03, p = .01, Cohen’s d = 0.40. See Table 2 for
descriptive statistics.

Because participants only had one efficiency data point each, mixed
models with item as a fixed factor were not appropriate. Instead, a
general linear regression model was estimated with question placement,
feedback type, and the interaction of question placement and feedback
type as factors. Seconds per correct response was the dependent
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Table 1
Correlation matrix of study variables.
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Posttest accuracy Efficiency Meta-comprehension Psych knowledge Reading difficulty
Efficiency —0.40%*
Meta-comprehension —0.68** 0.28**
Psych knowledge 0.35%* —0.14** —0.22%*
Reading difficulty —0.33** 0.01 —0.08 —0.17**
Review question difficulty —0.27** 0.07 —0.14** —0.09 0.64%*

Note: *p < 0.05, **p < 0.01.

Table 2
Means and standard deviations of study variables by condition.

Review question Feedback type Posttest accuracy M Efficiency M Meta-comprehension accuracy M Reading Review question
placement (SD) (SD) (SD) difficulty difficulty
Middle and end of text Correct response 7.28(2.35) 139.08(131.78) —9.94(23.30) 2.41(0.89) 2.58(0.89)
only
Elaboration 6.70(2.21) 173.15(104.90) —4.41(22.67) 2.30(0.96) 2.33(0.83)
Total 6.99(2.30) 155.75(120.28)  —7.22(24.14) 2.35(0.93) 2.46(0.87)
End of text only Correct response 7.20(2.08) 151.63(133.34) —8.30(20.35) 2.35(0.88) 2.51(0.86)
only
Elaboration 7.53(2.11) 123.10(99.56) —6.79(19.97) 2.22(0.92) 2.41(0.97)
Total 7.36(2.10) 137.44(118.31) —7.54(20.12) 2.29(0.90) 2.46(0.91)
Total Correct response 7.24(2.22) 145.29(132.34) —9.13(22.95) 2.38(0.88) 2.54(0.87)
only
Elaboration 7.11(2.20) 147.99(105.01)  —5.59(21.34) 2.26(0.94) 2.37(0.89)
Total 7.18(2.21) 146.62(119.49) —7.38(22.22) 2.32(0.91) 2.46(0.89)

Table 3
Regression coefficients for main and interactive effects of question placement
and feedback type on dependent variables.

Beta SE p value
Posttest accuracy
Question placement —0.01 0.03 .79
Feedback type —0.06 0.03 .06
Interaction of placement and type 0.09 0.04 .04
Efficiency
Question placement 12.55 1.739 .47
Feedback type 34.08 17.49 .052
Interaction of placement and type —62.61 24.76 .01
Metacomprehension
Question placement 1.64 3.17 .60
Feedback type 5.23 3.17 .08
Interaction of placement and type —4.01 4.50 .37
Text difficulty
Question placement -0.06 0.13 .66
Feedback type —0.10 0.13 .43
Interaction of placement and type —0.02 0.19 .90
Review question difficulty
Question placement -0.07 0.13 .59
Feedback type —0.24 0.13 .06
Interaction of placement and type 0.15 0.18 41

variable. Participants whose time to read and answer review questions
were outliers (more than two standard deviations above the mean) were
not included in efficiency analyses (n = 23). These outliers were
removed because time on a task that is overly long likely indicates the
participants were distracted or interrupted during the study and is not
indicative of actual processing time. However, it should be noted that it
is possible that there were legitimate processing times that were lengthy
due to reading disabilities, concentration difficulties, or reading in one’s
second language. There were no reliable differences in efficiency by
review question placement, b = 12.55, SE = 17.39, p = .47. There was a
marginally significant effect of feedback type, b =34.08, SE=17.49,p =
.052. However, there was a significant interaction between review
question placement and feedback type, b = —62.61, SE = 24.76,p = .01.
To understand the nature of the interaction, simple main effects of
feedback placement were examined for correct-response only and
elaboration feedback type conditions. When the feedback only provided

the correct answer, there were no differences in efficiency by review
question placement, b = 0.09, SE = 0.13, p = .52. However, for elabo-
rative feedback, seconds per correct answer were longer for placement
in the middle and end of the text compared to only at the end of the text,
b= -50.05, SE =15.20, p =.001, Cohen’s d = 0.042. This indicates that
elaborative feedback only at the end of the text was the most efficient
condition.

The potential interactions with the experimental conditions and
prior knowledge were also tested. A similar model to test the conditions
and their interactions on accuracy was conducted with the addition of
prior knowledge as a random factor as well as its interactions with the
experimental conditions. Prior knowledge was a significant predictor of
accuracy, b =0.03, SE = 0.007, p < .001. When the prior knowledge was
included in the model, there were no reliable effects of review question
placement, b = 0.03, SE = 0.12, p = .75, feedback type, b = 0.08, SE =
0.11, p = .50, nor a reliable interaction between the experimental con-
ditions, b = —0.08, SE = 0.16, p = .63. Prior knowledge did not reliably
interact with review question placement, b = —0.00, SE = 0.01, p = .78,
feedback type b = =0.01, SE = 0.01, p = .27, nor with an interaction of
the experimental conditions (three-way interaction), b = 0.01, SE =
0.01, p = .37. For efficiency, prior knowledge was not a significant
predictor, b = —5.57, SE = 4.35 p = .20. Review question placement and
type of feedback were not reliable predictors, b = 79.49, SE = 68.54,p =
.25and b = 69.50, SE = 67.75, p = .31, but the interaction of the two was
significant, b = —195.75 SE = 94.52, p = .04. There were no reliable
interactions between prior knowledge and review question placement, b
= —6.93, SE = 6.40, p = .28, prior knowledge and type of feedback, b =
—3.79, SE = 6.31, p = .55, not a three-way interaction between prior
knowledge and the experimental conditions, b = 13.62, SE = 8.80, p =
.12. Therefore, there does not seem to be evidence that prior knowledge
interacts with either experimental condition on posttest performance.

Metacomprehension was examined with a general linear model with
question placement, feedback type, and the interaction of question
placement and feedback type as factors and metacomprehension accu-
racy as the dependent variable. There were no reliable effects of review
question placement, b = 1.64, SE = 3.17, p = .60, feedback type, b =
5.23, SE = 3.17, p = .08, nor an interaction of the two, b = —4.01, SE =
4.50,p = .37.

Perceived difficulty of reading the text and of answering the review
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questions were similarly analyzed. For perceived difficulty of reading
the text, there were no reliable effects of feedback placement, b = —0.06,
SE =0.13, p = .66, feedback type, b = —0.10, SE = 0.13, p = .43, nor an
interaction of the two, b = —0.02, SE = 0.19, p = .90. For perceived
difficulty of answering the review questions, there were no reliable
differences by feedback placement, b = —0.07, SE =0.13,p = .59, only a
marginally significant difference for feedback type, b = —0.24, SE =
0.13, p = .06, and no evidence of a reliable interaction of the two, b =
0.15, SE = 0.18, p = .41.

Discussion

The primary purpose of this study was to compare different place-
ments of feedback (middle-and-end of text versus end-of-text only) and
two types of feedback (correct-response only versus elaborative) on
student learning from an etextbook excerpt. Based on the study findings,
there was an interaction between placement and type of feedback. The
interaction was such that elaborative feedback at the end of the textbook
excerpt was the most effective for learning. This conclusion is based both
on the accuracy of the posttest and efficiency (seconds per correct
posttest answer).

The secondary purpose this study was to examine if there are dif-
ferences in metacomprehension and perceived difficulty among feed-
back types that may explain any differences found in learning. The
motivation behind this purpose was to better understand the mecha-
nisms for effective feedback [5]. Knowledge of these mechanisms could
be used to optimize feedback design and develop theoretical frameworks
about feedback [5,24]. The placement and types of feedback did not
appear to affect metacomprehension accuracy or perceived difficulty of
the text and review questions. Therefore, there is no reliable evidence
from this study that improvements in metacomprehension or reductions
in perceived difficulty explain the benefits of elaborative feedback only
at the end of the text on learning compared to the other feedback
conditions.

Previous research findings

In a meta-analysis of reading feedback, providing feedback only at
the end of the text was more beneficial than during reading [1]. How-
ever, there was not a clear difference between correct response only and
elaborative feedback regardless of placement. Notably, there were few
comparisons within a single study of feedback placement or feedback
type in the meta-analysis [1]. In the current study’s findings, end-of-text
placement with elaborative feedback was the best for learning. In other
words, readers had better accuracy and efficiency when they only had
the review questions at the end of the text and were provided with ex-
planations for why answers were correct.

The benefit of elaborative over correct-response-only feedback (for
feedback at the end of the text) converges with previous findings in
physics on elaborative feedback [35]. The explanation for why the
answer was correct provided in the elaborative feedback may have
provided helpful scaffolding for understanding the text (see [55], for a
review on scaffolding). This is analogous to teacher-provided scaffolding
in read-alouds with children in which teachers provide support for
determining the correct answers to questions [56]. Moreover, there was
no evidence that the elaborative feedback was more difficult to process
due to the additional information than the correct-answer only feed-
back. This concern was based on the overarching agreement across
theories of cognition that human information processing capacity is
limited (e.g., limited capacity hypothesis, [31]; capacity model, [32];
cognitive load theory, [33]), and subsequently additional information
could potentially overload these limited systems. Regarding cognitive
processing, there was less time reading and answering review questions
per correct answer on the posttest for elaborative feedback than
correct-response-only feedback at the end of the text. Moreover, there
were no reliable differences in self-reported difficulty ratings based on
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feedback type. However, there was a trend suggesting answering review
questions with elaborative feedback was less difficult than
correct-response only. Although this was not significant, the direction of
the effect counters concern that the extra information caused more
difficulty in processing in the text, particularly when considered
alongside the efficiency benefits of elaborative feedback at the end of the
text.

One proposed reason for the hypothesized benefits of elaborative
feedback over correct-response only was that elaborative feedback may
provide helpful background knowledge to construct a situation model.
Given that difficulty ratings, cognitive processing in terms of efficiency,
and overall accuracy were best for elaborative feedback at the end of the
text; it can be inferred that the additional information provided in the
elaborative feedback was indeed helpful. However, unlike other findings
in which elaborative feedback was only or particularly helpful for in-
dividuals with lower levels of background knowledge or skill [28,27].
However, the interventions in these studies focused on discrete skills,
such as solving a specific type of math problem or learning a type of
syntax [28,27]. With specific skills, background knowledge prior to the
intervention may be measured more precisely than the general psy-
chology knowledge assessed in the current study. Moreover, the specific
content covered in the textbook excerpt, classical conditioning, is
considered particularly challenging [51]. Therefore, it is feasible that
students could understand many psychology concepts quite well and
still benefit from the scaffolding of elaborative feedback for a chal-
lenging topic within the field.

The benefits of elaborative feedback compared to correct-response
only were limited to feedback only at the end of the text rather than
split in two locations. Based on prior research and theory, there were
compelling reasons for expecting both benefits for middle-and-end
feedback and end-only feedback. By providing feedback in the middle,
readers could have misunderstandings of the text corrected as they
develop their situation model. Corrections of misunderstandings may be
particularly useful for metacomprehension accuracy. Furthermore, the
text would have been segmented into smaller units for processing. Pre-
vious findings with children indicated the benefits of feedback during
the text rather than only at the end [3,4]. However, having feedback
only at the end does not interrupt the reading process and has been
shown to be more effective in a previous meta-analysis [1]. In addition,
feedback only at the end may have been due to the recency effect in
which information processed right before the assessment is easier to
recall [57,58]. The current study’s findings showing the benefits of
elaborative feedback at the end indicate that college readers, who
logically have more experience with texts than children, may benefit
from fewer interruptions due to feedback. Children may be more used to
feedback during reading (e.g., teacher feedback during read-alouds in
the classroom [56]). Given that most of the studies in the feedback
meta-analysis with similar findings were with secondary or college
students [1], age appears to be a likely explanation for why the findings
from this study differ from those with children.

Implications

This study’s findings have clear implications for etextbook design.
Instructors who use OER may use these findings to incorporate review
questions with feedback into their course readings (see [59], and [60],
for examples of interactive psychology OER textbooks). In addition,
many commercial textbook publishers (e.g., Pearson, Cengage, Mac-
millan) have courseware available to purchase, which includes inter-
active features of etextbook publishers, including review questions with
feedback. Finally, videos are commonly provided to students to support
their content learning. There is evidence that, similar to reading text-
books, questions with feedback support learning from videos [61,62].
An important area for inquiry would be specific and controlled testing of
feedback for learning from videos, similar to what the current study
examined with learning from text. In each of these scenarios, instructors
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may assign students to answer the review questions and a subsequent
assessment of the reading as homework.

Limitations and future directions

Although this study included measures of metacomprehension ac-
curacy and difficulty, these did not reliably vary by condition and thus
did not provide explanations for why a combination of elaborative
feedback at the end of the text had the highest accuracy and efficiency.
In other words, it does not appear that this combination of feedback type
and placement made the text easier to understand or improved meta-
comprehenson accuracy. However, difficulty ratings were generally low
(all cell means below the midpoint of 3; see Table 2), which could
indicate that there was not sufficient difficulty to detect an effect. This is
surprising given that the topic was selected due to its difficulty and the
lack of a ceiling effect with accuracy on the posttest. Also surprising was
that readers indicated underconfidence in their prediction of how well
they would do on the posttest given the previous findings that readers
tend to be overconfident when reading from screens [8,15,16]. It is
possible that having feedback of any type or placement improves met-
acomprehension accuracy and eases perceived difficulty. However, the
current study’s design did not allow for testing that possibility. This
shortcoming of the current study could be addressed with a future study
with a control condition without feedback.

The design of this study using a recruiting platform allowed for a
range of student backgrounds in a controlled experiment. However, the
content was not part of an actual course, and their performance did not
have any academic consequences. Therefore, a future experiment testing
these types of feedback within an actual course-assigned reading is
needed to establish ecological validity. Such studies should be across
different disciplines and ideally be throughout an entire course to un-
derstand generalizability and scalability. The findings from such studies
would provide robust evidence for when and where feedback is best,
thereby providing direction for etextbook design, particularly with OER
development.

It is likely that some of the participants had a reading disability such
as dyslexia. Approximately 4.7 % of college students have learning
disabilities, and dyslexia occurs in 80-90 % of individuals with learning
disabilities [63,64]. In the current study, participants were not asked to
report whether they had a learning or reading disability. In order for
research on designing questions with feedback to be equitable, future
studies should consider the needs of students with learning disabilities.

There was a lack of reliable effects for metacomprehension and
perceived difficulty by feedback condition. Therefore, the current study
did not indicate clear mechanisms for why elaborative feedback at the
end of the text was more effective for learning, at least in the current
study’s context. The perceived difficulty findings are consistent with
previous studies that did not note any effects of feedback on reader at-
titudes (such as perceived difficulty; [21]). However, there were some
marginal effects due to feedback type on metacomprehension and
perceived difficulty. This could indicate that the current study lacked the
power to detect effects, and future studies may yield reliable results with
larger samples.

Conclusion

Providing immediate feedback to review questions on text content is
an affordance of etextbooks over paper textbooks. There is empirical
support from meta-analyses that feedback in etextbooks fosters learning;
however, it was unclear what type of feedback in which location is the
most beneficial for readers ([1,2,21]). The findings of this study indi-
cated that elaborate feedback in which an explanation of why an answer
is correct at the end of the textbook excerpt had the most accurate and
efficient learning from the text. Future studies could expand this work
across disciplines and entire textbooks to determine how etextbooks
should be designed to best support student learning.
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