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Abstract: The present study examined the effect of different types of retrieval practice on reading
comprehension across levels of thinking and retention interval in a classroom setting. One hundred
undergraduates divided into two retention interval groups (short- and long-retention interval) were
asked to read a passage on a topic in Cognitive Psychology and were then required to engage in a
retrieval practice learning strategy using the two types of question format (production test and
recognition test) and different levels of thinking (lower-order thinking and higher-order thinking). A
three-way mixed ANOVA statistical test was used to analyse the data and found no significant
differences in reading comprehension across the different types of retrieval practice, suggesting that the
performance when using the recognition test is equivalent to when using the production test. The
difference in reading comprehension between the different types of retention interval also was not
observed, indicating that students in the short-retention interval group retained just as much information
as those in the long-retention interval group. Additionally, the present study observed a significant
difference in students’ reading comprehension between different levels of thinking, signifying that the
students’ performance for the lower-level thinking questions was better than that for the higher-level
thinking questions. The present finding contributed to the existing body of knowledge in which it
suggested that the performance in reading comprehension when using a recognition test, particularly a
well-constructed one, with competitive alternatives was equivalent to when using a production test.

Keywords: Levels of thinking, Question format, Reading comprehension, Retention interval, Retrieval
practice

1. Introduction

The test in educational settings is conventionally used as a tool in the assessment of learning
(Moreira et al., 2019; Brame & Biel, 2015) as well as to provide a summarised picture of an individual’s
knowledge (Stenlund et al., 2016). However, a growing number of studies have revealed that a test can
do more than just measure one’s knowledge; that is, it can boost learning as well as promote long-term
memory retention. When learners engage in the practice of retrieving previously studied information, it
can result in greater long-term memory retention compared to merely rereading or restudying. This
phenomenon is known as the testing effect (Carpenter et al., 2006; McDaniel et al, 2007) or sometimes
it is referred to as the retrieval practice effect (Karpicke & Roediger, 2007).

The explanation behind the effectiveness of a test is based on the retrieval effort hypothesis that
is driven by the desirable difficulties framework which states that a more difficult but successful
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retrieval has more beneficial effects on memory compared to easier, successful retrievals (Pyc &
Rawson, 2009). A study to test the hypothesis was conducted by Pyc and Rawson (2009) to examine
and theoretically discuss the effects of retrieval practice in promoting memory retention by using a
cued-recall test of 70 Swahili-English word pairs. The study was conducted by manipulating two
variables — interstimulus interval (ISI, defined as the number of items between each following practice
trial) and criterion level (the number of correctly retrieved items). Findings from the study revealed that
participants’ performance in the final test increased when the difficulty of retrieval increased. As for
the second manipulated variable (criterion variable), it was revealed that when the criterion level
increased, retrieval became less difficult, thus resulting in a decrease in the final test performance. These
findings therefore confirmed the assumptions on the retrieval effort hypothesis which states that
successful but difficult retrievals are more advantageous in enhancing memory as opposed to successful
but less difficult retrievals. Prior to Pyc and Rawson’s study (2009), a study by Gardiner et al. (1973)
also provided evidence that retrieval difficulty can enhance memory retention. Participants in their study
were tested on 50 definition-word pairs and findings showed that the difficult retrieval of words in the
initial test was significantly better than in the final recall test, thus indicating that greater retrieval effort
yields greater benefits in memory. With regard to the desirable difficulty framework from which the
retrieval effort hypothesis is derived, the framework suggests difficult retrievals are more desirable than
easy ones (Pyc & Rawson, 2009). Based on the desirable difficulty framework, learning strategies that
require more effort and are cognitively demanding during the encoding or retrieval practice phase as
compared to activities that require minimal cognitive demand (i.e., restudying or rereading) may hinder
short-term recall but can assist in constructing the necessary networks in memory to improve long-term
recall (Bjork, 1994).

There are two commonly used tests or retrieval practice formats in examining testing effect —
the recognition test and production test (Larsen & Butler, 2013; Butler & Roediger, 2007; Greving &
Richter, 2018). The production test is usually in the form of free recall, short- answer essay and fill-in-
the-blank, whereas the recognition test is in the form of multiple-choice questions (MCQ) and “true or
false” (Larsen & Butler, 2013). Moreira et al. (2019) noted that the differences with regard to the
effectiveness of the different types of test in drawing out the testing effect remains a question for both
laboratory and classroom contexts. In short, some studies reported that tests which involve a production
task would provide greater benefit than a recognition task (Butler & Roediger, 2007; Greving & Richter,
2018) whereas some studies reported otherwise (Little etal., 2012; Smith & Karpicke, 2014). In arecent
study by Greving and Richter (2018) which examined the testing effect in a university lecture, the
participants were asked to either answer short-answer questions, MCQs, or read summarising
statements about core lecture content (restudy). The retention of the learning content was measured at
different times (1 week, 12 weeks and 23 weeks after the last lecture) and the results revealed that short-
answer testing benefitted learning in higher education contexts more than multiple-choice testing,
independent of the time of test (Greving & Richter, 2018). Previous findings which found that the short-
answer test is more advantageous than MCQs are supported by the retrieval effort hypothesis which
suggests that a more difficult and effortful retrieval process results in greater benefits (Gardiner et al.,
1973; Pyc & Rawson, 2009). In contrast, Smith and Karpicke (2014) found there was little or no
advantage for answering short-answer questions over MCQs. This finding emerged due to unsuccessful
retrievals when using the short-answer test, whereby participants seemed to perform better in MCQ
than in short-answer testing for most of the time. They explained that although a more difficult test is
said to be more beneficial, success of retrieval is equally as important for later performance (Smith &
Karpicke, 2014). Additionally, Little et al. (2012) discovered that properly constructed MCQs, that is,
including competitive incorrect options in the choices of answers can result in productive retrieval
processes. However, this study was done in a short-term basis and one of the questions raised was
whether the benefits of multiple-choice testing can be retained for a longer period of time.

In terms of retrieval practice and levels of thinking, there have been an increasing number of
studies which have examined the effects of retrieval practice on different levels of thinking (i.e., lower-
order thinking and higher-order thinking). Particularly, these studies examined whether transfer of
knowledge from one level to another level (e.g., lower-level thinking to higher-level thinking or vice
versa) would occur if students were instructed to engage in a retrieval practice learning strategy
(McDaniel et al., 2013; Dobson et al., 2018; Agarwal, 2019). Findings from these studies showed that
although the levels of thinking are usually hierarchical, superior performance on lower-level thinking

289



Asian Journal of University Education (AJUE)
Volume 17, Number 4, October 2021

tasks does not necessary enhance performance in higher-level thinking tasks (McDaniel et al., 2013;
Dobson et al., 2018; Agarwal, 2019). In these studies, levels of thinking are categorised according to
The Taxonomy of Educational Objectives, a framework published by Bloom, Engelhart, Furst, Hill and
Krathwohl in 1956 (Agarwal, 2019), otherwise known as the Bloom’s Taxonomy. A revision on the
Bloom’s taxonomy was made in 2001 and based on the revised taxonomy, higher-order thinking falls
under the apply, analyse, evaluate, and create categories, whereas lower-order thinking falls under the
remember and understand categories (Anderson et al., 2001; Agarwal, 2019). Looking at most previous
studies on retrieval practice and levels of thinking however, there has yet to be a study that particularly
investigates the effect of different types of question format used in retrieval practice (production test
versus recognition test) on different levels of thinking. For instance, most studies that observed the
effect of retrieval practice on levels of thinking usually examined the effect of the transfer of learning
and most of the time they used only one question format, which was either a production test or a
recognition test.

With regard to the presence of a retrieval practice effect on retention interval, numerous studies
have shown that in comparison to rereading or restudying, retrieval practice either in the form of a short-
answer test, a multiple-choice test or a free recall has greater benefits for long-term memory retention.
(Carpenter et al., 2006; Karpicke & Roediger, 2007; McDaniel et al., 2007). As for the effects of type
of test on retention interval, most studies however, did not observe the testing benefits across different
retention intervals, that is, they either observed over a short-retention interval or a long-retention
interval. One study that observed the testing effect using different types of tests on different retention
intervals was conducted by Stenlund et al. (2016). It was revealed that retrieval practice using short-
answer items was more beneficial for long-term retention. On the other hand, a study by Little et al.
(2012) found that a recognition test is also capable of eliciting productive retrieval processes. However,
it observed the effect on a short-retention interval and therefore, it remains unclear whether the benefits
of multiple-choice testing can be retained for longer period of time.

With all the varying findings reported in past studies, further exploration is needed to
investigate the effects of retrieval practice across levels of thinking and retention interval. Across a
plethora of studies on retrieval practice effect over the years, it is a widely established fact that retrieval
practice enhances retention compared to rereading or restudying (Carpenter et al., 2006; McDaniel et
al., 2007; Rowland, 2014; Karpicke, 2017). Although there is convincing evidence of the effects of
retrieval practice relative to restudying or rereading, the generalisability to instructional settings and the
circumstances in which the effects arise is still up for discussion (Greving & Richter, 2018). The few
studies that have looked into the different types of test (production test vs. recognition test) have
produced mixed findings, where some studies found that tests which involved a production task would
provide a greater benefit than those that used a recognition task (Butler & Roediger, 2007; Greving &
Richter, 2018) whereas others did not (Little et al., 2012; Smith & Karpicke, 2014). Additionally, there
is a need to further explore the issue concerning retrieval practice and levels of thinking because there
has yet to be a study that particularly investigates the effect of the different types of question format
used during retrieval practice on levels of thinking. Considering the student’s development in higher-
order thinking is an important element of education, educators and scientists recently have been actively
developing strategies and instructional approaches that can increase higher-order thinking (Agarwal,
2019). By further examining the effects of different question formats on levels of thinking, it can shed
light on how educators can design learning materials that will improve the students’ learning experience
either for lower-order thinking questions or higher-order thinking questions. With respect to the effects
using different types of test format across different retention intervals, most studies did not observe the
testing benefits across different retention intervals; that is, they either observed on a short-retention
interval or a long-retention interval. A study by Stenlund et al. (2016) found that retrieval practice using
production task has more beneficial effects for long-term retention. Conversely, a study by Little et al.
(2012) revealed that the multiple-choice test (recognition task) resulted in productive retrieval processes
when compared to the cued-recall test (production task), of which is contrary to the popular belief that
the production task brings greater benefit than the recognition task. However, the study observed the
effect over a short-retention interval; therefore, it remains uncertain whether the benefits of multiple-
choice testing can be retained for a longer period of time.
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2. Method
2.1 Participants

A total of 201 participants among the first-year students enrolled in the Cognitive Psychology
course subject was involved in the study. To ensure that the experiment was equitable, pre-screening of
the participants was done based on their Malaysian University English Test (MUET) result. Students
with MUET Band 3 and above were selected to participate in the study. MUET Band 3 was set to be
the minimum requirement for participation to ensure that participants had at least a moderate level of
English proficiency so as to reduce the chances of language proficiency affecting their performance.
Out of 201 students who were initially recruited, 100 students were identified to meet the MUET
requirement, therefore participated in the actual experimental manipulation of this study.

2.2 Design

The experiment used a 2 (Retrieval practice: production test, recognition test) x 2 (Levels of
thinking: higher-order thinking, lower-order thinking) x 2 (Retention Interval: short-retention interval,
long-retention interval) mixed-subjects design. Retention interval was varied between subjects whereas
retrieval practice phase and levels of thinking were varied within subjects. The experiment included the
following phases: a) Study phase: participants were asked to read a passage on Problem Solving, b)
First distractor task: participants were asked to do a word search puzzle, c) Retrieval practice phase:
participants were asked to answer 10 recognition test questions (MCQ) and 10 production test questions
(short-answer) on the reading passage. Each of the ten questions consisted of five lower-order thinking
guestions and five higher-order thinking questions. For this phase, participants were asked to answer a
total of 20 questions, d) Second distractor task: participants were asked to do a word search puzzle, and
e) Final test: participants were required to answer a total of 20 multiple-choice questions (MCQ),
comprising 10 lower-order thinking questions and 10 higher-order thinking questions, similar to the
questions in the retrieval practice phase.

2.3 Materials

The materials used in the present study are discussed according to the phases of the study.

2.3.1 Study phase

The material for the study phase consisted of a reading passage on one of the chapters in the
Cognitive Psychology course content — Problem Solving. The length of the reading passage was 980
words which was appropriate for university students (e.g., Agarwal, 2019; Little & Bjork, 2012).

2.3.2 Retrieval practice phase

In this phase, participants were asked to restudy the passage using retrieval practice that
comprised both production and recognition tests. Then, participants were asked to answer a total of 20
questions. The production test used 10 short-answer questions, whereas the recognition test used 10
multiple-choice questions (MCQs). In both the production and recognition tests, the questions asked
tested the participants’ comprehension on the reading passage given earlier. Specifically, each of the 10
guestions in each test (production and recognition) consisted of five lower-order thinking questions and
five higher-order thinking questions. Based on the findings by Little et al. (2012) which revealed that
well-constructed MCQs can elicit a productive retrieval process, the present study therefore decided to
follow the same method, that is by including competitive alternatives in the MCQs to ensure that the
MCQs cannot be attributed to being relatively easier than short-answer questions. All the questions used
in the present study were validated by the course instructor (an expert in Cognitive Psychology) to
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ensure that each of them matched the level of thinking (LOT vs. HOT) required. As for the scoring,
MCQs were scored with one point for each correct response and zero point for any incorrect response.
For the short- answer questions, a grading rubric was created by consulting the course instructor. A
fully correct response that contained keywords or phrases based on the rubric was graded with one point
whereas half a point was given for a partially correct response. Zero points were given for any incorrect
response or no response.

2.3.3 Final test phase

A total of 20 MCQs were asked. They comprised 10 lower-order thinking questions and 10
higher-order thinking questions, similar to those asked during the retrieval practice phase but with slight
changes. The structure of the questions in this phase was slightly modified but the context of the
questions remained similar to the ones in the retrieval practice phase (see sample of questions used in
Appendix A). MCQ was chosen for the final test format because there have been past studies that
observed a testing effect when MCQ was used as the final test (Dobson & Linderholm, 2015; Carpenter
etal., 2016). Furthermore, the MCQ type was chosen in the final test because it merely acts to evaluate
participants’ performance based on the different types of retrieval practice administered to them.
Therefore, the types of format used for the final test does not matter (Karpicke, 2017). Moreover, there
were previous studies on testing effect that used different formats for both the retrieval phase and final
test phase (see Dobson & Linderholm, 2015; Carpenter et al., 2016). Additionally, several literatures
have also noted that the format of the initial test did not have to match the format of final test for testing
benefits to occur (McDermott et al., 2014; Blunt & Karpicke, 2014; Karpicke & Blunt, 2011; Karpicke,
2017). The scoring for the MCQs in the final test followed the ones used in the retrieval practice phase
— each question was scored with one point for a correct response and zero points for any incorrect
response.

2.3.4 Distractor task phase

The word search puzzle was used as the distractor task. The level of difficulty of the puzzle was
moderate and suitable for university students. The function of this task was to clear participants’
working memory and to prevent them from mentally rehearsing the studied material.

2.4 Procedure

The experiment followed a mixed-subjects design in which the participants were randomly
assigned into two retention interval groups (i.e., 50 participants in the short-retention interval group and
50 participants in the long-retention interval group). In each group, participants were exposed to all the
conditions (retrieval practice phase and levels of thinking). All participants were given a consent form
for them to sign as an indication that they agreed to participate in this study. Participants were informed
that they could opt out before, during, and after the experiment for any reason. Given that the experiment
was conducted using online tools, all participants were given an integrity declaration form for them to
sign as an indication that they would not refer to sources from the Internet or use other assistance during
the course of the experiment. Once they had given their consent, the participants were briefed on what
they were required to do. After the briefing, the procedures for the experiment took place. These
involved five phases: study phase, first distractor task, retrieval practice phase, second distractor task
and final test phase. For the study phase, participants were asked to read one reading passage on Problem
Solving (a chapter in the Cognitive Psychology course content) which was presented on screen using
Google Doc. They were informed that they would be tested on the information. However, they were
not given the details of the test. The participants were given 15 minutes to read the passage. Once the
15 minutes time limit was over, participants were asked to solve a word search puzzle task in the first
distractor task phase for 1 minute. The purpose of this phase was to clear out the participant’s working
memory. After the 1-minute distractor task finished, the next phase, the retrieval practice phase,
involving the manipulation of the retrieval practice phase (production test and recognition test) took
place. Participants were asked to answer 10 recognition test questions (MCQ) and 10 production test
questions (short-answer gquestions) on the reading passage. The questions were presented using Google

292



Asian Journal of University Education (AJUE)
Volume 17, Number 4, October 2021

Form Quiz. Each of the 10 questions consisted of five lower-order thinking questions and five higher-
order thinking questions. For this phase, participants were required to answer a total of 20 questions
within 15 minutes. Next, the participants were asked to undertake the second distractor task in which
they had to solve another word search puzzle for 1 minute. Once the 1-minute time limit for the task
was up, the next phase was the final test phase. Similar to the retrieval practice phase, the questions in
the final test phase were also presented using Google Form Quiz. Participants in the short-retention
group were tested immediately after the second distractor task whereas those in the long-retention
interval group were tested after a delay of three weeks. All participants had to answer a total of 20
MCQs for the final test phase. After completing the final test phase, the participants were debriefed and
allowed to dismiss. The whole experiment took approximately 60 minutes.

3. Results

A three-way mixed ANOVA statistical test was used to analyse the collected data, mainly
focusing on the final test performance to measure the participants’ performance based on the different
types of retrieval practice phases administered to them. The results showed that there was no significant
difference in students’ reading comprehension across the different types of retrieval practice
(production test vs. recognition test), F(1, 98) = 1.31, p = .255. Although the difference in reading
comprehension across different types of retrieval practice was not significant, the mean scores of
students using the production test were slightly higher (M = 2.83) than those for the recognition test (M
= 2.72), indicating that students must have benefitted a little more from the production test compared
to the recognition test.

There was also no significant difference in students’ reading comprehension observed between
the different types of retention interval (short-retention interval vs. long-retention interval), F(1, 98) =
1.30, p = .257, suggesting that students’ performances in reading comprehension between the two
groups were no different from each other. Based on the mean scores however, the students’ reading
comprehension performance in the short-retention interval were slightly higher (M = 2.88) compared to
the performance in the long-retention interval (M = 2.67).

In terms of difference in students’ reading comprehension between lower-order thinking and
higher-order thinking, results showed that there was a significant difference, F(1, 98) = 9.88, p = .002,
indicating that by using retrieval practice during the retrieval practice phase regardless of the formats
used, students’ performance in reading comprehension was significantly better for lower-order thinking
questions (M = 2.93) compared to higher-order thinking questions (M = 2.62).

As for the interaction levels, the results showed there was no significant interaction between
types of retrieval practice and levels of thinking, F(1, 98) = 0.02, p = .877, signifying that the effect of
different types of retrieval practice on reading comprehension was almost similar for both lower- and
higher-order thinking questions. The mean scores however showed that test performance for lower-
order thinking was slightly better when using the production test during the retrieval practice phase (M
= 2.98) compared to using the recognition test (M = 2.88). Likewise, for the higher-order thinking, the
mean score for the production test was slightly higher (M =2.68) than that of the recognition test (M =
2.55).

The results also revealed that there was no significant interaction between types of retrieval
practice and retention interval, F(1, 98) = 0.06, p = .804, indicating that the effect of different types of
retrieval practice on reading comprehension was almost similar for both short- and long-retention
intervals. While there was no significant interaction effect observed between types of retrieval practice
and retention interval, for those in the short-retention interval group, the mean score for the production
test was a little higher (M = 2.92) than that of the recognition test (M = 2.83). Similarly, for those in the
long-retention interval group, the mean score for production test was slightly higher (M = 2.74)
compared to the recognition test (M = 2.60).

Furthermore, there was also no interaction effect observed between retention interval and levels
of thinking, F(1, 98) = 0.90, p = .345, suggesting that the effect of different retention intervals on reading
comprehension was equivalent for both lower- and higher-order thinking. Although no significant
interaction effect was observed for the lower-order thinking, those in the short-retention interval group
scored slightly higher (M = 3.08) than those who were in the long-retention group (M = 2.78). The same
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applies for the higher-order thinking in which those in the short-retention interval group fared better (M
= 2.67) than those in the long-retention interval group (M = 2.56).

In terms of the interaction effect between the types of retrieval practice, levels of thinking and
retention interval, the results showed that there was no significant interaction between these three
variables, F(1, 98) = 0.003, p = .959, signifying that the effects of the types of retrieval practice and
levels of thinking on student’s reading comprehension was similar in both short- and long-retention
intervals. Although no significant interaction was observed, Table 1 shows that regardless of the
retrieval practice formats used, students in both the short- and long-retention interval groups seemed to
perform slightly better in lower-order thinking questions (M =3.04, M =3.12, M = 2.72, M = 2.84) than
in higher-order thinking questions (M = 2.62, M = 2.72, M = 2.48, M = 2.64). Also, by comparing the
scores between different types of retrieval practice groups, the students seemed to collectively perform
a bit better when using the production test compared to using the recognition test. Additionally, by
comparing the scores from the two groups (short-retention interval and long-retention interval), it can
be seen that those in the short-retention interval group scored slightly higher than those in the long-
retention interval group.

Table 1. Means and standard deviation of interaction between types of retrieval practice, levels of
thinking and retention interval

Retention interval Types of retrieval practice Levels of thinking M SD

. Lower-order thinking  3.04 1.19

. Recognition test (MCQ) Higher-order thinking  2.62 1.21
Short-retention —

Production test (SA) quer-order thmkmg 3.12 1.21

Higher-order thinking  2.72 1.26

. Lower-order thinking  2.72 1.03

. Recognition test (MCQ) Higher-order thinking  2.48 1.36
Long-retention ——

Production test (SA) Lc_)wer—order thl_nkl_ng 2.84 1.33

Higher-order thinking  2.64 1.32

4, Discussion

With regard to the effect of different types of retrieval practice on reading comprehension, the
statistical analysis revealed that there was no significant difference in students’ reading comprehension
across the different types of retrieval practice (production test vs. recognition test), indicating that the
students’ performance in reading comprehension using the recognition test (MCQ) was almost similar
to the performance when using the production test (short-answer questions) in the retrieval practice
phase. This finding is in line with a few studies which found that short-answer and MCQs are equally
effective in enhancing the retention of studied materials (McDermott et al., 2014; Smith & Karpicke,
2014). Particularly, Smith and Karpicke’s (2014) study which investigated the effects of different
question formats on learning (short-answer, MCQ or hybrid questions) found that there was little to no
difference in students’ performance across the three different formats. They reasoned that although a
more difficult test is said to be more beneficial, success of retrieval is equally as important for later
performance. Following their explanation, the findings from the present study thus indicated that both
the production and the recognition test resulted in similar retrieval success in students’ reading
comprehension performance. Another plausible reason as to why no significant difference was observed
in students’ reading comprehension across different types of retrieval practice is because the recognition
test questions in the present study included competitive alternatives. Following Little et al.’s (2012)
study which revealed that properly constructed MCQs (i.e., questions which include competitive
incorrect choices of answers) are also capable of eliciting productive retrieval processes; therefore, it
was possible that the reading comprehension performance when using the recognition test in the present
study was on par with using the production test because the recognition test questions were almost as
difficult as those used in the production test. In terms of interaction level, the present study found no
significant interaction between types of retrieval practice and levels of thinking, indicating that the
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effect of different types of retrieval practice on reading comprehension was almost similar for both
lower- and higher-order thinking questions. Additionally, there was also no significant interaction
observed between types of retrieval practice and retention interval, signifying that the effect of different
types of retrieval practice on reading comprehension was almost similar for both short- and long-
retention intervals. Looking at the mean scores on the other hand, results showed that the mean score
for the production test was slightly higher than that of the recognition test, suggesting that the production
test may have provided an added advantage than the recognition test. The mean scores also showed that
for both lower- and higher-order thinking questions, students scored slightly higher when using the
production test during the retrieval practice phase compared to when students used the recognition test.
Also, for both short- and long-retention interval groups, the students’ seemed to perform slightly better
when they used the production test instead of using the recognition test in the retrieval practice phase.
In the present study, the production test involved the production of answers which requires more effort
than the recognition test. Therefore, following the desirable difficulty framework, when learners engage
in a more difficult but successful retrieval process, it leads to more beneficial effects on memory
compared to easier, successful retrievals (Pyc & Rawson, 2009).

With regard to the effect of retention interval on reading comprehension, the results showed
that the difference in students’ reading comprehension between the different types of retention interval
(short-retention interval vs. long-retention interval) was not statistically significant, suggesting that
students’ performances in reading comprehension between the two groups were equivalent to each other
regardless of the types of retrieval practice format and levels of thinking. Based on the mean scores on
the other hand, it can be seen that students’ reading comprehension scores in the short-retention interval
group were slightly higher than those in the long-retention interval group, indicating that the students
in the short-retention interval group (immediate testing) were able to recall slightly more information
compared to those in the long-retention interval group (delayed testing). Such a finding was likely due
to the fact that some students in the long-retention interval group may have forgotten what they had
learnt prior to the final test which took place after a delay of three weeks. The present study also
observed no significant interaction effect between retention interval and levels of thinking, suggesting
that the effect of different retention interval on reading comprehension was equivalent for both lower-
and higher-order thinking. Despite no significant interaction effect between the two variables, the mean
scores revealed that for both lower- and higher-order thinking questions, the students scored slightly
higher in their reading comprehension when the effect was observed under the short-retention interval
compared to the long-retention interval, implying that the testing effect was slightly more evident when
the students were tested immediately after the retrieval practice phase than when they were tested after
a delay. These findings which revealed that those in the short-retention interval group scored slightly
better than those in the long-retention interval group were of no surprise as the students in the long-
retention interval group may have forgotten some of the information learnt before they took the final
test. The reason an individual forgets is because their newly developed memories have yet to have the
opportunity to strengthen; therefore, these memories are susceptible to the intrusion of mental activity
and mental information (Baddeley & Hitch, 1993; Ferreira et al., 2019). Furthermore, the slight
difference between the mean scores of those in the short- and long-retention interval groups can be
supported by the recency effect whereby when one takes a test and applies the information learnt
immediately, there is a high probability of remembering that information than in the situation where the
information is presented the day before (Ferreira et al., 2019). Additionally, while it is true that retrieval
practice can improve long term memory retention relative to restudying or rereading (Carpenter et al.,
2006; Karpicke & Roediger, 2007; McDaniel et al., 2007), when the retrieval practice effect is
concerned, it is evident that the effect is greatest when it is observed in the short-term period (Roediger
& Karpicke, 2006; Karpicke, 2017; Ferreira et al., 2019).

As for the effect of levels of thinking on reading comprehension, the present study found a
significant difference in students’ reading comprehension between lower-order thinking and higher-
order thinking, wherein the students’ performance in reading comprehension was significantly better
for lower-order thinking questions as compared to higher-order thinking questions. From the mean
scores, it was evident that the students’ performed better in lower-order thinking questions compared
to higher-order thinking questions. One plausible explanation for the mean scores for lower-order
thinking questions appearing to be slightly higher than the scores for higher-order thinking questions
could be due to the fact that the students have not yet mastered the elements of higher-order levels in
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the particular topic, given that they were unfamiliar with the topic and had yet to study the topic
thoroughly in class. Therefore, some information in the reading passage may have seemed novel to
them. Based on Bloom’s taxonomy, in order to reach the higher category, an individual has to acquire
the cognitive processes of the lower category (Agarwal, 2019). In short, the levels of thinking according
to Bloom’s taxonomy are said to be hierarchical (Bloom et al., 1956; Dobson et al., 2018). Thus, it is
possible that the students were only able to master the lower-level elements during the retrieval practice
phase, causing a marginally better performance for lower-order thinking questions than that of higher-
order thinking questions.

With respect to the interaction between the types of retrieval practice, levels of thinking and
retention interval, the present study found no significant interaction between these three variables,
indicating that the effects of the types of retrieval practice and levels of thinking on student’s reading
comprehension was no different in both short- and long-retention intervals. Although the present study
did not observe any significant interaction between types of retrieval practice, levels of thinking and
retention interval, the mean scores reported in Table 1 showed that regardless of the retrieval practice
formats used, students in both the short- and long-retention interval groups seemed to perform slightly
better in lower-order thinking questions than higher-order thinking questions. This finding can be
attribute to the long-time belief where factual knowledge must come before skills (Bruner, 1977).
Considering that the students have not yet learned the topic explicitly in class and some information in
the reading passage may have seemed new to them, they only managed to acquire the cognitive
processes in the lower category during the experiment, resulting in slightly better performance for
lower-order thinking questions. Furthermore, by comparing the scores between different types of
retrieval practice groups for both levels of thinking and retention interval groups, students fared slightly
better when using the production test in the retrieval practice phase compared to using the recognition
test, signifying that using short-answer tests leads to slightly more successful retrievals than when using
multiple-choice tests. Numerous studies in the past have found that the production test, particularly
short-answer questions is more beneficial than MCQs because it requires a more concerted retrieval
than the latter (Greving & Richter, 2018; Stenlund et al., 2016). Furthermore, by comparing the scores
from the two groups (short-retention interval and long-retention interval), it can also be seen that those
in the short-retention interval group scored slightly higher relative to those in the long-retention interval
group, suggesting that there was a slightly greater immediate testing effect compared to delayed testing
effect in both the types of retrieval practice and the levels of thinking. As mentioned earlier, this is
probably due to the recency effect where students who take a test and apply the information learnt
instantly are prone to recall that particular information better than the information presented the day
before (Ferreira et al., 2019).

5. Conclusion

In conclusion, the present study extends past findings on retrieval practice in the classroom
setting, particularly examining the effects of different types of retrieval practice across levels of thinking
and retention interval on reading comprehension. The present study found no significant differences in
reading comprehension across the different types of retrieval practice. This finding contributed to the
existing body of knowledge in which it is suggested that the performance when using a recognition test,
particularly a well-constructed one, with competitive alternatives is equivalent to when using a
production test. A difference in reading comprehension between the different types of retention interval
also was not observed, implying that students in the short-retention interval group retained just as much
information as those in the long-retention interval group. Additionally, the present study observed a
significant difference in students’ reading comprehension between different levels of thinking, whereby
the students’ performance in reading comprehension was significantly better for lower-order thinking
guestions than higher-order thinking questions. This indicated that even by using retrieval practice, it
was of no surprise that when students learned new items, they mastered the lower elements of learning
before mastering the higher elements.

Future work can extend the present study by examining the transfer of knowledge between
different levels of thinking using different types of retrieval practice format and observing the effect on
different retention intervals. The research on transfer of knowledge has been the focus of many recent
studies (Dobson et al., 2018; Agarwal, 2019) to examine whether transfer of knowledge from one level
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to another level (e.g., lower level- to higher-level thinking or vice versa) would occur if students use
retrieval practice as the learning strategy. Thus, it will be noteworthy to know if the transfer of
knowledge is dependent on the type of retrieval practice format used and to see whether the effect can
be retained for a longer period of time. As well, future work can also extend the present study by
including students’ reading anxiety scale in the observation. A recent study by Rahmat et al. (2020)
which examined the influence of students’ fear and perceived difficulties in academic reading found
that teaching method was one of the reasons undergraduate students fear reading and become most
anxious when they have difficulty in understanding the content of the text they read. Given that the
study also suggested to explore the relationship of reading strategies used and reading anxiety, therefore,
by employing retrieval practice as a learning strategy in classroom, it would be interesting to know if it
contributes to any difference in students’ reading anxiety.
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Levels of
thinking

Questions

Retrieval practice phase

Final test phase

(Recognition test — MCQ)

What is involved when one is experiencing
insight during the process of problem solving?

A. He applies a methodical process to find the
solution to the problem.

B. He suddenly becomes aware of the solution
to the problem.

C. He can find more than one solution.

(MCQ)

What is involved when one experiences insight
during the process of problem solving?

A. The individual suddenly becomes aware of
the solution to the problem.

B. The individual can find more than one
solution.

C. The individual applies a methodical process

Lower | D. He compares the current solution to the | to find the solution to the problem.
order previous one. D. The individual compares the current
thinking solution to the previous one
(Production test — Short Answer) (MCQ)
“Occurs when there is an obstacle between a | “The solution to get around the obstacle is not
present state and a goal, and the solution to get | immediately obvious”.
around the obstacle is not immediately
obvious”. The above description refers to ...
The above description refers to ... A. Representation
B. Analogy
C. Restructuring
D. Problem
(Recognition test — MCQ) (MCQ)
“A car starts from rest and accelerates uniformly | “A man's speed with the current (rate of
over a time of 5.21 seconds for a distance of 110 | movement in the water) is 15 km/hr and the
m. Determine the acceleration of the car.” speed of the current is 2.5 km/hr. The man's
speed against the current is?”’
The above mentioned problem demonstrates
The above mentioned problem demonstrates
A. A well-defined problem
B. Problem solving involving insight A. an ill-defined problem
C. An ill-defined problem B. problem solving involving insight
D. Problem solving involving restructuring C. problem solving involving restructuring
D. a well-defined problem
Higher (Production test — Short Answer) (MCQ)
thci)rl;?(?rl;g “Mental illness is expected to be the second | “Mental illness is expected to be the second

biggest health problem affecting Malaysians
after heart disease. Based on the latest National
Health and Morbidity Survey, every three in 10
adults aged 16 years and above in Malaysia
suffer from some form of mental health issues.
Like any parts of the globe, mental illness is a
rising issue in the country and should be taken
seriously.”

What type of problem is this? Can you elaborate
on the reason why you give that answer?

biggest health problem affecting Malaysians
after heart disease. Based on the latest National
Health and Morbidity Survey, every three in 10
adults aged 16 years and above in Malaysia
suffer from some form of mental health issues.
Like any parts of the globe, mental illness is a
rising issue in the country and actions should
be taken to solve this problem.”

Which of the following facts can you gather
from the above problem description?

A. It is an insight problem and the solution to
the problem appears all of a sudden.
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B. It is an ill-defined problem and the path to
the solution is usually not clear.
C. It is a well-defined problem and the path to

the solution is usually clear.
D. Itis a problem that requires restructuring to

find a solution.

Note: The correct response is in italics
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