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Research has shown that retrieval activities, that is, actively recalling previously studied
information, may substantially contribute to learning from complex educational materials, sometimes
more so than other more popular techniques such as rereading and elaborative study. In this context,
recent studies (Blunt and Karpicke 2014) have reported that two different retrieval formats (free recall by
writing down as many ideas as possible and creating a concept map in the absence of texts) are equally
effective as learning tools. Given the benefits frequently attributed to concept mapping and the potential
practical implications of this finding, we aimed to further examine the relative effectiveness of both
retrieval-based activities. In Experiment 1, we conceptually replicated the main finding from Blunt and
Karpicke’s study to show that the two formats may lead to similar learning outcomes. In Experiment 2,
we coupled both retrieval formats but manipulated the order in which the activities were performed.
Results revealed that retrieval-based concept mapping before free recall by means of paragraph writing
resulted in better learning on a 2-week delayed test than performing the same activities the other way
round. These findings contradict the general idea that it is retrieval itself, regardless of the activity it is
embedded in, what promotes learning. From a more applied standpoint, our results join others from recent
studies to show that combining different retrieval activities when dealing with educational materials

might be particularly effective

Learning from texts often requires the use of different techniques such as repeated reading, note
taking, and creating visual representations (e.g., diagrams and concept maps). These are all well-known
approaches and, to a greater or lesser extent, recognized as useful tools to prompt meaningful learning
(see, for example, Dunlosky et al. 2013). Less popular among students and teachers, however, is retrieval
practice, which Francis Bacon even suggested played a role in learning (Bacon 1620/2000). Thus, only
recently has research shown that retrieval practice may substantially contribute to learning from complex
educational materials, sometimes more so than other more popular techniques such as rereading
(Roediger and Karpicke 2006a), note taking (McDaniel et al. 2009), elaborative study (Karpicke and
Smith 2012) and, of particular importance here, concept mapping (Karpicke and Blunt 2011; see also
Lechuga et al. 2015).

In a standard retrieval practice experiment, participants start by studying a set of materials.
Afterwards, some participants engage in activities that require them to retrieve the previously studied

materials, while others partake in control activities that do not involve retrieval (i.e., rereading). Lastly, all
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participants take a final learning test which may be scheduled anywhere from a few minutes post-retrieval
to several weeks or months later (for a review, see Karpicke 2017). In short, retrieval-based learning
requires students to actively recall information that they have previously studied, with this practice
usually leading to enhanced performance on subsequent learning tests (Nunes and Karpicke 2015).

Despite the robust effect of retrieval on learning, students rarely think of retrieval-based
activities as relevant learning tools (Dunlosky et al. 2013). For example, when asked to rank their exam
preparation techniques, the most frequently cited strategy among college students is rereading the
material (notes or textbooks), with retrieval-based activities lagging far behind several other strategies
(Karpicke et al. 2009). Moreover, a number of studies have revealed that when asked to make predictions
about their own performance in an upcoming learning test, students who performed retrieval-based
activities tend to predict worse performance than those who reread the material or created concept maps
(e.g., Grimaldi and Karpicke 2012; Karpicke and Blunt 2011; Lechuga et al. 2015; Roediger and
Karpicke 2006a). It has been suggested that this failure to recognize the benefits of retrieval strategies (as
well as others; see Rohrer and Pashler 2010) may stem from the fact that these strategies usually produce
more errors during the learning sessions, even though they tend to be more effective at enhancing
performance during subsequent learning assessments (Schmidt and Bjork 1992). Hence, a straightforward
challenge for researchers working in this field is to help raise students’ and teachers’ awareness of the
learning benefits of retrieval-based strategies.

The benefits of retrieval for learning are usually interpreted from two different viewpoints. On
the one hand, repeated retrieval is seen to promote semantic elaboration (Carpenter 2009, 2011). The idea
is that retrieval cues (provided or present in the environment) activate related information in long-term
memory, which is encoded along with the memory traces of target and cues. Hence, if these elaborated
knowledge structures become activated on a criterion test, target memories are more easily retrieved (see
Rawson et al. 2015 for recent evidence supporting this elaborative retrieval hypothesis). On the other
hand, the episodic context account (Karpicke et al. 2014) suggests that when learners retrieve knowledge
from memory, they reinstate the prior context in which the information was learned. If retrieval is
successful, the context associated with the retrieved items is updated and may be used as a powerful cue
to access previously encoded information (Lehman et al. 2014). Regardless of the cognitive processes
underlying their benefits, however, it is now clear that retrieval activities may play a relevant role in
educational contexts, and that further research is needed to determine how retrieval-based tasks should be
implemented to improve learning (e.g., Bae et al. 2018; Karpicke 2012; Karpicke and Grimaldi 2012;
Roediger and Karpicke 2006b).

Along these lines, Karpicke and Blunt (2011) showed in college students that repeated retrieval
produced better learning of educational texts than concept mapping on a 1-week delayed test. At first
sight, this finding might be surprising given that concept map creation is thought to entail mental
activities (e.g., relational processing, making inferences) that underpin meaningful learning (Novak and
Caifias 2006; Novak and Gowin 1984). In fact, concept mapping is a popular technique in educational
settings (Hay et al. 2008; Quinn et al. 2003; Vanides et al. 2005). However, the main results observed by
Karpicke and Blunt (2011) were basically replicated by Lechuga et al. (2015), who also found that

retrieval practice led to better overall performance than concept mapping, even though this effect was less
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pronounced for students with experience in using concept maps than it was for those who underwent a
short training session in concept mapping.

Blunt and Karpicke (2014) recently conducted two experiments comparing the effectiveness of
two different retrieval practice conditions: the paragraph format (the usual way of practicing whereby
participants recall by writing down as many ideas as they can); and the concept map format (which
requires participants to recall by creating a concept map). Although students usually create concept maps
with the aid of texts (as it was the case in the studies by Karpicke and Blunt 2011 and Lechuga et al.
2015), an alternative approach to concept mapping is to draw up maps in the absence of materials, which
would necessarily require them to retrieve information from memory. Hence, one could think of this latter
learning activity as being especially effective, since it would combine the benefits of concept mapping
(i.e., relational processing) and retrieval practice (i.e., prior context reinstatement). In their first
experiment, Blunt and Karpicke (2014) had students read a brief science text and then retrieve
information from the text using either the paragraph or concept map format (both in the absence of texts).
Specifically, after a 5-min reading period, students recalled the text for 10 min, reread it for 5 min, and
recalled it again for 10 min. Students completed this first stage of the experiment by predicting their
performance on a 1-week delayed test. The participants returned to the laboratory one week later to
respond to a final short-answer test that included 10 verbatim and 5 inference questions about the studied
texts. The results revealed that there was no difference between the two retrieval formats for either actual
performance at test or participants’ learning judgments. In their second experiment, the authors also failed
to observe differences between the two retrieval formats but showed that both concept mapping and
writing down ideas in the absence of texts enhanced long-term retention more than completing the same
activities with the original materials made available. Importantly, these findings led Blunt and Karpicke
(2014) to conclude that concept mapping and paragraph writing were equally effective as retrieval
practice activities. From a more theoretical stance, they suggested that the benefit promoted by the
organizational/relational processing involved in concept mapping might be redundant with the processing
associated with repeated retrieval. Hence, and according to Blunt and Karpicke (2014), the locus of the
observed learning effect is the very act of retrieving information.

Blunt and Karpicke’s findings may have relevant practical consequences. Should the benefits of
retrieval practice guide the selection of learning strategies in educational settings (Nunes and Karpicke
2015), and to the extent to which both retrieval formats (paragraph and concept map) lead to similar
performance, it seems reasonable to suggest the utilization of the simplest and easiest retrieval-based
activity for learning. Since concept mapping appears to be a complex activity taking a long time to master
(Mintzes et al. 2011; Quinn et al. 2003), designing learning activities based on retrieving in paragraph
format might be the best choice. However, before drawing strong conclusions about the possible
equivalence between the two above-mentioned retrieval formats, more evidence to support such an idea
seems necessary. In addition, further research should examine potential differences between the benefits
provided by recalling in paragraph format and retrieval-based concept mapping. Previous memory
research has shown that task demands may determine the nature of retrieval processes and their potential
effects on performance (Rugg and Wilding 2000; Stenberg et al. 2006). Thus, for example, the

behavioural effects of orienting retrieval towards conceptual information are different from those that
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stem from orienting retrieval towards perceptual information (Stenberg et al. 2006). However, this issue
remains largely unexplored in relation to retrieval-based learning. Hence, the experiments reported here
aimed to a) compare the two retrieval formats used by Blunt and Karpicke (2014) under slightly different
conditions and b) explore the learning effects of coupling both formats (for a related attempt using other
retrieval activities, see Bae et al. 2018).

Experiment 1 was essentially geared towards replicating Blunt and Karpicke’s first experiment
by comparing the effectiveness of doing retrieval by writing down paragraphs and recalling by creating a
concept map in the absence of materials, even though we introduced some procedural changes in order to
maximize the possible differences between the two retrieval conditions. Specifically, we eliminated the
rereading activity between retrieval periods so that learning, if any, was uniquely based on retrieval
activities (i.e., Lechuga et al. 2015; Roediger and Karpicke 2006a). This is an important step in efforts to
disentangle the direct effects of retrieval (those derived from retrieval itself) from the so-called mediated
effects of retrieval, which may be promoted if learners are given the opportunity to reread or receive
feedback after performing retrieval activities (see Karpicke 2017). In addition, we increased delay
between retrieval practice and learning assessment (2 weeks in the present experiments; 1 week in the
study by Blunt and Karpicke 2014), given that several studies have demonstrated that longer periods may
optimize the benefits of retrieval practice (Dunlosky et al. 2013; Kornell et al. 2011; Roediger and
Karpicke 2006b).

Experiment 2 aimed to put to a strong empirical test the idea that the two retrieval formats are
similarly effective. Specifically, we had two groups of participants do retrieval practice in both formats
but performing the activities in a different order. Thus, a group first engaged in concept mapping and then
moved onto a paragraph-based activity, whereas the other group did the opposite. If both retrieval formats
engage comparable cognitive processing with parallel effects on learning (as suggested by Blunt and
Karpicke 2014), then one would expect the order of the retrieval activities to be irrelevant and the two
groups to show indiscernible performance on the final test (as expected in Experiment 1). On the
contrary, if creating a concept map provides a special context for retrieval (for example, by virtue of the
relational processing that it is thought to involve; Novak and Cafas 2006), then the effectiveness of
recalling in paragraphs, which would entail distinct cognitive processing, could depend on whether this
retrieval activity is done before or after retrieval-based concept mapping. In other words, depending on
the degree to which both formats recruit differential processing, interplays between them could be
expected on the basis of which retrieval format is performed first time round. Although we were
theoretically sceptical about the possible effect of combining the two retrieval formats, this was an
empirical question to address given the previous findings from Blunt and Karpicke’s (2014) study and its

potential practical implications.

Experiment 1

Method

Participants
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The sample comprised 60 undergraduate students (30 women; Mg, = 26.76, SDe. = 3.67) studying for a
degree in Education at the University of Jaén (south-central Spain), who were randomly assigned to one
of the two experimental conditions. Participants obtained course credits in exchange for their voluntary
engagement in the study. They were all provided with partial information about the study and they gave
written informed consent before participating. The university’s research ethics committee approved the

study.

Materials

Here we used the same text as Lechuga et al. (2015), which was selected from a list of suggested
material for concept mapping training (Repetto et al. 2004). The text, which contained 427 words and
included 25 ideas or propositions on the use of fibres and the manufacturing of fabrics, had a clear-cut
organizational structure and educationally relevant content corresponding to the first year of the Spanish
Secondary Education (ESO) system.

The learning test comprised 15 short-answer questions: 5 inference questions that elicited
inferences from the studied content and 10 verbatim questions that required specific recall of content
directly presented in the text. Even though the text included 25 propositions and the test comprised just 15
short-answer questions, most of the ideas were conveyed in the questions since the inference questions
required more than one idea when it came to providing a correct answer.

One example of an inference question is “Which kind of fibres have been the most recently
discovered?”, with “synthetic” being the correct answer. In order to answer the question, information
must be integrated from different sentences in the text (“There are three kinds of fibres that can be used
for the production of fabrics: Natural, synthetic and mixed” and “Until 1900 all fibres were natural, but
now there are more artificial than natural fibres”). One example of a verbatim question is “What kind of
fibres can be used for the production of fabrics?”, with the correct answer being “natural, synthetic and

mixed”, which explicitly appeared in the text.

Procedure

The experiment took place over two independent sessions with a 14-day delay between them. In
the first session, participants completed a short form of a questionnaire to assess their use of study
techniques (Habitos y Técnicas de Estudio, CHTE; Alvarez and Fernandez 1999). The scores pertaining
to this scale range from 1 (never) to 4 (always) according to the frequency of use of different techniques.
This was immediately followed by participants receiving the same text for a 5 min reading. This was the
only time that participants (from both groups) spent reading the text. From this point onwards, each group
performed two retrieval trials that differed according to the assigned group: paragraph format or concept
map format.

After reading the text, the paragraph group engaged in retrieval by using a paragraph format.
They were given a blank piece of paper and asked to write down everything they could recall about the
text for 10 minutes. When this time was up, the piece of paper was collected and there was a 1-min break
between each trial. Finally, another blank piece of paper was handed to the students for them to write

down everything they could recall again for a further 10 min.
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As for the concept-mapping group, they first received a brief summary of the characteristics of
concept maps and then the experimenter gave them an example following the procedure outlined by Blunt
and Karpicke (2014; see also Blunt and Karpicke 2011 and Lechuga et al. 2015). After this, they read the
text for 5 min and then were asked to engage in retrieval practice by creating a concept map (in the
absence of the text). They were also given a blank piece of paper for 10 min and asked to write/draw on
it. After a 1-min break, they were handed a new blank piece of paper and asked to create a second concept
map for 10 min. Following that the participants were scheduled for a second experimental session.

In the second experimental session, two weeks later, the participants took the learning test. Like
in related previous studies (i.e., Blunt and Karpicke 2011; Blunt and Karpicke 2014; Lechuga et al. 2015),
participants were told to spend the time they needed to answer the questions, which came to

approximately 15 min.

Results

To ensure minimal engagement in the learning tasks and to maximize the effect of retrieval [a
meta-analysis by Rowland (2014) concluded that retrieval practice effects become more robust when
initial retrieval is greater than 75%], participants who recalled less than 6 ideas (25% of the text content)
during retrieval practice were no longer considered for analysis. Because our main aim was to better
understand the potential effect of retrieval on learning, we also wanted to ensure minimal homogeneity in
retrieval performance across both groups during the learning sessions. One participant from the paragraph
group and 5 from the concept-mapping group were eliminated from the data set. Hence, the final sample
sizes were 29 for the paragraph group (12 women; Mg, = 21.07, SDe. = 3.39) and 25 (15 women; Mg, =
20.40, 8D = 4.01) for the concept-mapping group. For the sake of completeness, results of analyses
including all participants are presented as Supplementary Material. Importantly, the general findings that
emerge from both analytical approaches are essentially the same, which allows for a better comparison
between our results and those by Blunt and Karpicke (2014; Exp. 1) who did not report having used an

exclusion criterion.

Experiment 1 Experiment 2
Technique P+P CM+CM P+CM CM+P
Underlining 2.69 (.60) 2.80 (.50) 2.72 (.59) 2.66 (.69)
Schemes 1.79 (1.01) 1.92 (1.00) 2.13(.94) 1.78 (.89)
Summaries 1.86 (.83) 1.84 (1.02) 2.07 (77) 1.84 (.84)
Concept Maps 1.21 (.98) 1.08 (1.00) 1.16 (.90) 1.10 (.89)

Note: P+P = Paragraph + Paragraph; CM+CM= Concept Map + Concept Map; P+CM =
Paragraph + Concept Map; CM+P = Concept Map + Paragraph.
Table 1. Mean scores (and standard deviations) on the CHTE for the frequency of use (l=never,
2=occasionally, 3=frequently, 4=always) of different study techniques as a function of group in

Experiments 1 and 2.
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One-way analyses of variance (ANOVA) on CHTE scores (obtained at the very start of the first
experimental session) revealed that both groups were similar in frequency of use of different study
techniques (Fs < 1). As shown in Table 1, underlining was the most utilized technique, whereas concept
mapping was hardly used.

Two judges (second-year PhD students), who were blind to the study aim, scored the number of
ideas from the text (1 point per unit) that were either recalled (retrieval group) or represented (concept-
mapping group) during the retrieval trials. These judges also scored the responses on the final learning
test (correct responses were also awarded 1 point). They used a template to score the participants’
responses, which made the procedure relatively simple and free of ambiguity. The (Pearson’s) correlation
between the scores from the two evaluators was always over .91. Potential discrepancies (less than 5% of
all cases; Cohen’s Kappa = .93) were discussed until 100% consensus was reached.

A 2 (retrieval group) x 2 (retrieval trial) mixed ANOVA was carried out on the proportion of
ideas recalled from the text (out of the total of 25) during the first experimental (learning) session (see
Table 2). The analysis revealed that there was a main effect of retrieval trial, F(1,52) = 13.77, Mse = .003,
p < .01, Gi* = .03, with more ideas being recalled in the first trial (.40) than in the second retrieval trial
(.37). Neither the main effect of group, F(1,52) = 2.65, Mse = .02, p = .11, G;72 = .04, nor the interaction,
F(1,52) < 1, Mse = .003, p > .50, Gy* < .01, showed to be reliable.

Retrieval Experiment 1 Experiment 2
Attempt P+P CM+CM P+ CM CM+P
Trial 1 39 (.11) 42 (.09) 42 (.09) 45 (.09)
Trial 2 34 (.12) .39 (.09) .38 (.09) 45 (.08)

Note: P+P = Paragraph + Paragraph; CM+CM= Concept Map + Concept Map; P+CM = Paragraph +
Concept Map; CM+P = Concept Map + Paragraph.
Table 2. Proportion of ideas units produced in each retrieval attempt at learning period in Experiments 1

and 2. Standard Deviations are shown in parentheses.

To determine participants' knowledge of the text ideas two weeks after doing retrieval practice, we
performed a mixed 2 (retrieval group) x 2 (question type) ANOVA on the proportion of correct responses
(out of the total of 15, 10 verbatim + 5 inference, questions) in the learning test (see Figure 1). The
analysis failed to show a reliable effect of group that had a very small effect size, thus revealing that both
retrieval conditions led to comparable performance, F(1,52) < 1, Mse = .04, p = .44, G712 = .01. The
effects of question type, F(1,52) < 1, Mse = .02, p > .50, Gy*< .01, and its interaction with group, F(1,52)

<1, Mse=.02,p> .50, G172 <.01, also failed to reach statistical significance.
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Experiment 1
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Figure 1. Performance in the final test of Experiment 1 as a function of type of questions. Error bars

represent standard errors of the means.

Discussion

Results of the present experiment, like those obtained by Blunt and Karpicke (2014; Exp. 1),
show that two different retrieval-based activities, paragraph writing and concept map creation, led to
similar levels of performance in a learning test that included literal and inferential questions. On the one
hand, we found that the two retrieval formats are similar in learning outcomes even after two weeks (in
Blunt and Karpicke’s study the participants’ memory was tested one week after the learning session). On
the other hand, we observed a similar performance pattern with a learning procedure that did not include
rereading activities (in Blunt and Karpicke’s study, participants reread the text between the two retrieval
trials). Thus, our findings coincide with previous literature documenting how the potential benefits of
concept mapping overlap those provided by the act of retrieving from memory. Blunt and Karpicke
(2014) concluded that the organizational/relational processing that is traditionally associated with concept
mapping might be redundant with the cognitive processing that underlies repeated retrieval. While
suggestive, such a claim contrasts with those deriving from educational views that attribute valuable
benefits to concept mapping and endorse its use to promote meaningful learning (Chevron 2014; Nesbit
and Adesope 2006). Though experimental research on the cognitive processes underlying concept
mapping is quite sparse, concept map creation is thought to require students to engage in relational
processing by focusing on how a set of concepts within a specific domain relate one to another (Karpicke
2018; Vanides et al. 2005), which would facilitate the acquisition of structured knowledge. Hence, and
regardless of the role that retrieval plays in promoting learning, one would expect retrieval-based concept
mapping to make a difference relative to performing retrieval in a paragraph format.

In a further attempt to test whether these two retrieval formats rely on precisely the same
cognitive activities, in Experiment 2 we had two groups of participants do retrieval practice by coupling

both formats (for a similar approach with other activities see Bae et al. 2018). Critically, however, we
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manipulated the order in which each retrieval format was used. Thus, one group performed the first
retrieval by using a paragraph format and then created a concept map in the absence of the text, whereas
the other group first engaged in concept mapping and then retrieved in paragraphs. The idea is that if the
two retrieval-based activities are cognitively redundant, the order in which participants engage in these
activities should be irrelevant and similar learning would result from carrying out the two retrieval
activities one after the other, regardless of the order. Hence, the observation of differential performance at
the learning test as a function of the order in which the activities were performed would suggest that 1)
distinct cognitive operations underlie retrieval in both formats and 2) effectiveness of retrieval for

learning may depend on how different activities are coupled.

Experiment 2

Method

Participants

The initial sample comprised 110 undergraduate students (65 women; Mo, = 21.03, SD,e, =
4.14) from two natural (first and second year) groups studying for a degree in Education at the University
of Jaén. All students voluntarily participated in the study in exchange for course credits and were
provided with information about the study; they gave written informed consent before participating. The
university’s research ethics committee approved the study. Participants were randomly assigned to one of
the two experimental conditions: paragraph first and then concept map (P+CM), and concept map first

and then paragraph (CM+P).

Materials and procedure

Materials (text and learning test) were the same as those used and described in Experiment 1.
The experiment also took place over two independent sessions with a 14-day delay between them.
Importantly, the two experimental groups performed the same activities, albeit in reverse order.
Specifically, and after being informed and signing the corresponding consent, all participants were given
the text for an initial 5-min reading period. Immediately after, they undertook two 10-min retrieval trials
with a 1-min break between each trial. However, the type of retrieval activity to be done first depended on
the group. Thus, the P+CM group first engaged in retrieving as much as possible from the previously read
text by writing paragraphs, and then was told to create a concept map about the content (but in the
absence) of the text. In contrast, the CM+P group first engaged in concept mapping (also in the absence
of the text) and then was told to retrieve and write down as many ideas as possible from the text.

Participants took the learning test two weeks later. This lasted approximately 15 min.

Results
As in Experiment 1, the CHTE questionnaire revealed that both groups were similar in frequency
of use of different study techniques (Fs < 1; See Table 1). Also, as in the previous experiment,

articipants who did not retrieve at least 6 ideas (25% contained in the text) at the first retrieval trial were
p p
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eliminated (see Supplementary Material for analyses including these participants). This criterion left us
with 50 participants (31 women) in the P+CM group and 43 (27 women) in the CM+P group.

To check for differences between the groups, we first performed a mixed ANOVA on the
proportion of retrieved ideas during the first experimental session, with order of activities as the between-
participants factor (P+CM vs. CM+P) and retrieval trial as the within-participant factor (Trial 1 vs. Trial
2) (see Table 2). The analysis failed to show a main effect of retrieval trial, F(1,91) = 1.60, Mse = .01; p =
21, G* = .01, thus revealing that, on average, participants came up with a similar proportion of ideas in
the first (.43) and second (.42) retrieval activity. There was, however, a main effect of the order of the
activities, F(1,91) = 12.43, Mse = .01; p < .01, G* = .08. The CM+P group recalled more ideas (.45)
from the text than the P+CM group (.40). This effect was qualified by an interaction, F(1,91) = 3.76, Mse
=.01; p = .05, Gy* = .01. Although both groups retrieved a comparable number of ideas at the first trial,
F(1,91) = 2.64, Mse = .01; p = .11, G* = .03, the difference between them was reliable at the second
retrieval trial, F(1,91) = 17.22, Mse = .01; p < .01, G* = .16. Those participants who wrote paragraphs in
their second retrieval activity recalled more relevant information than those who had to create a concept
map.

We also compared the quality of the concept maps constructed by the participants (see also
Lechuga et al. 2015). First, we asked an independent judge, a PhD student who was enrolled in
educational research, to score each concept map. The evaluator, who was totally blind to the aims of the
study, was told to score according to a 10-point scale regarding 5 dimensions: number of represented
primary ideas, number of represented secondary ideas, hierarchical structure, use of connectors, and
concept organization (see Table 3). As shown in Table 3, the ANOVAs failed to reveal reliable

differences between the two groups in any of the quality dimensions.

Assessed dimensions P+CM CM+P F P

Primary ideas 7.89 (1.00) 8.15 (1.08) 1.37 245
Secondary ideas 6.90 (1.24) 7.21 (1.08) 1.63  .205
Hierarchical structure 6.41 (1.69) 6.34 (1.95) <1l  .851
Use of connectors 5.59 (1.99) 5.66 (2.34) <1 .873
Organization 6.18 (1.53) 6.11 (1.55) <1 815
Mean score 6.59 (1.02) 6.69 (1.41) <1 .707

Note. P+CM = Paragraph + Concept Map; CM+P = Concept Map + Paragraph.

Table 3. Mean scores (and standard deviations in a 0-10 scale) in the five assessed dimensions on the
quality of the concept maps in Experiment 2 as a function of group.

Performance on the final learning test (two weeks later) was assessed using a mixed ANOVA
with order (P+CM vs. CM+P) as the between-participants factor and question type (verbatim vs.

inferential) as the within-participant variable. Like in the previous experiment, the dependent variable was

10
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the proportion of correct responses (to the 10 verbatim and 5 inference questions). Because the scoring
procedure showed to be straightforward in Experiment 1 (see also Lechuga et al. 2015), only one of the
judges who participated in the previous experiment scored the responses in Experiment 2. The analysis
showed a reliable performance difference between the two groups, F(1,91) = 8.43, Mse = .04; p < .01,
Gn* = .05 (see Figure 2). The group that completed the concept map first (.38) outperformed the group
that first retrieved ideas by writing them down as paragraphs (.30). There was no other statistically
significant source of variability [type of question: F(1,91) = 2.06, Mse = .03; p = .16, Gy* = .01;
interaction: F(1,91) < 1, Mse = .03; p = .36, G*> < .01].

Experiment 2

0.50 1
0.40 -
0.30 A I
0.20 A

0.10 A

Proportion of correct responses

0.00 T )
Paragraph + Concept Map Concept Map +Paragraph

Verbatim Questions ~ ®Inference Questions

Figure 2. Performance in the final test of Experiment 2 as a function of type of questions. Error bars

represent standard errors of the means.

Discussion

Experiment 2 straightforwardly shows that the learning that follows retrieval practice may be
modulated by the sequence of retrieval-based activities that are performed. Specifically, elaborating a
retrieval-based concept map before performing retrieval from questions by using a paragraph format
produced better learning performance than carrying out the same activities in the reverse order. Of
relevance, the advantage of the group that created the concept maps first cannot be attributed to the
quality of their creations, since the two groups showed to be comparable regarding the quality of the
concept maps they constructed. In a similar vein, the number of ideas produced during concept mapping
cannot easily account for the benefit of performing this activity in the first place, since both groups
produced a similar number of ideas during the first retrieval activity.

However, it was during the second activity that the participants who wrote down paragraphs
exhibited better performance, which was also observable on the final learning test. It is worth noting that

this benefit of concept mapping as the first learning activity over the next one was not observed in the

11
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previous experiment, since the group that worked on retrieval-based concept maps did not exhibit better
performance in the second retrieval activity than the group that did retrieval by using paragraphs. Hence,
the present results are clearly indicative of interplay between the type of retrieval activity and its position
in a sequence of retrieval attempts.

It seems therefore reasonable to suggest that the two types of retrieval formats used here may (at
least partially) involve distinct cognitive operations that, in a row, lead to different learning outcomes as a
function of the order they are performed. This contrasts with the results from Experiment 1 (and those
from Blunt and Karpicke, 2014), which revealed that performing the same retrieval activity twice (either
concept mapping or writing down paragraphs) leads to similar learning performance. Rather, the present

result is suggestive of how successful the combination of different retrieval activities may become.

General discussion

The general aim of the present work was to contribute to the field by further exploring the idea
that it is retrieval itself, regardless of the activity it is embedded in, what promotes learning. Blunt and
Karpicke (2014) provided initial support for this idea by showing that practicing retrieval either by
writing down ideas in paragraphs or by creating a concept map led to similar performance on a 1-week
delayed learning test. Given the potential educational implications of this finding, our first experiment
sought to replicate this by introducing some relevant procedural changes. Indeed, the results of
Experiment 1 confirmed that the two retrieval formats may lead to similar outcomes 2 weeks after the
learning sessions, even when no rereading opportunities are given to learners. Hence, our conceptual
replication of Blunt and Karpicke’s (2014) findings would seemingly lend support to the idea that concept
mapping and writing down paragraphs are similarly effective as retrieval practice activities, and that the
organizational/relational processing involved in creating a concept map might be redundant with the one
involved in repeatedly retrieving from memory. However, before strongly claiming the indistinguishable
effectiveness of concept mapping and paragraph writing as retrieval activities, we aimed to further test
this idea by having students use both retrieval formats one after the other. While we had no a priori
hypothesis regarding potential performance differences as a function of the sequential combination of
both formats, observing such differences would speak against the idea that memory retrieval, regardless
of the activity in which it is embedded, is the main factor to consider when it comes to planning retrieval-
based learning activities. Experiment 2 showed that creating a concept map in the absence of materials
and then engaging in free recall by writing paragraphs results in better learning than doing these activities
the other way round. In fact, constructing a concept map without materials first led to better performance
even during the next learning activity (paragraph writing). Hence, this result does not fit well with the
idea that both retrieval activities involve redundant cognitive processing (Blunt and Karpicke 2014). If
this were the case and the core of both activities was the act of retrieval itself, no learning differences

between the two sequences should have been observed.

So what else does the present finding tell us about the two retrieval formats under analysis? A
reasonable approach to answering this question might start with the consideration of the possible
cognitive processes that underlie concept mapping. While few studies have specifically addressed this

issue (i.e., Grimaldi et al. 2015; Karpicke 2018), it is widely assumed that concept mapping entails
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semantic/relational processing by virtue of requiring students to hierarchically organize related
information (Novak and Cafias 2006). In fact, there is evidence in support of a better knowledge
organization after elaborating concept maps (Chevron 2014; Novak and Gowin 1984). Hence, we favour
the idea that when the creation of a concept map strongly relies on retrieval (i.e., in the absence of texts),
the relational structure of the concepts in the text might gain special prominence and guide access to
relevant information in memory. Research has largely demonstrated that semantic associations reliably
influence organization during episodic memory search (e.g., Morton and Polyn 2016). Thus, asking
learners to construct a concept map in the absence of materials would make a difference as opposed to
instructing them to only recall and write down ideas from the text. It is worth noting here that this
proposal calls for the consideration of varying retrieval processes that might be induced by the two
formats used in the present study. Research into cognitive psychology and neuroscience has shown that
task demands determine the specific processing of cues that takes place during retrieval, which has been
called retrieval orientation (Herron and Wilding 2004; Rugg and Wilding 2000). Interestingly, some
studies have provided evidence that the adoption of a certain retrieval orientation may modulate
performance (Bridger et al. 2009; Rosburg et al. 2014). For example, orienting the retrieval towards either
perceptual or conceptual information leads to different behavioural effects and brain signatures (Stenberg
et al. 2006). Hence, because the two retrieval activities performed by our participants differed in their
demands (one of them necessarily required relational processing: “elaborate a concept map with
everything you remember from the text”, whereas the other did not: “write down everything you
remember from the text”), retrieval orientation during such activities might be contributing to our main
finding. Thus, we posit that, in addition to the relevant isolated concepts, concept mapping in the absence
of texts might primarily direct retrieval' towards specific subsets of information (i.e., relations among the
retrieved concepts), which could thus increase the accessibility of the central (and related) ideas contained
in the text to a greater extent than via other retrieval activities (such as free recall by writing down).

It should be noted, however, that only considering concept mapping would not give a complete
picture of its potential benefit as a retrieval-based learning activity. It becomes evident across experiments
that it was only the coupling of concept mapping with paragraph format (in this order only) what led to
the best performance in the learning test two weeks later. This finding is suggestive of how different
retrieval demands may interplay with each other to modulate knowledge acquisition and representation. It
is possible that creating a concept map without the text and then freely recalling by writing paragraphs
facilitates the adoption of a more effective retrieval strategy (i.e., by highlighting the relations among
concepts), which in turn could lead to more elaborated knowledge representations. If we assume that the
two practice formats may orient retrieval towards different memory traces (e.g., gist-based ones in the
case of concept mapping vs. more linear verbatim ones in the case of recalling by writing paragraphs; for
a related interpretation, see Bouwmeester and Verkoeijen 2011), it would seem reasonable to expect
differential downstream influences on subsequent learning and performance as a function of their

arrangement. Thus, doing the final learning test two weeks later after “P+CM” could draw on somewhat

! Note that this contrasts with the generalized idea that concept mapping offers an advantage by providing better
organization at encoding (Chevron 2014; Hay et al. 2008; Novak and Gowin 1984; Vanides et al. 2005).
Interestingly, our results indicate that elaborating a concept map may also be useful for organizing relevant
information at retrieval, which allows us to suggest that concept mapping might enhance learning in a variety of
circumstances.
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linear mental models about the text ideas, since relational retrieval during concept mapping would have
been influenced by the previous rather verbatim retrieval induced by paragraph writing. Performing the
learning test after “CM+P”, however, might rely more heavily on elaborated mental models that would
stem from the relational processing involved in creating the concept maps first, with this processing also
influencing subsequent, presumably less elaborative, retrieval activities (i.e., paragraph writing). While
speculative, this line of reasoning aligns with the widespread idea that concept mapping facilitates the
acquisition of structured knowledge (Karpicke 2018; Vanides et al. 2005) and might explain the results of
Experiment 2.

Going back to the recent accounts of retrieval-based learning mentioned in the introduction, at
first sight the main finding in Experiment 2 would seem to lend support to the elaborative retrieval
account proposed by Carpenter and colleagues (2009, 2011; Carpenter and Yeung 2017). Essentially, it is
argued that people generate several pieces of semantically related information during retrieval that are
integrated with target information to form richer memory traces, which will become more accessible in
future retrieval attempts (i.e., an exam). Hence, at least on the basis of the arguments made above, our
finding in Experiment 2 coincides with the idea that certain retrieval activities may be more effective for
learning when performed first by virtue of their greater demands on semantic processing. We do,
however, recognize that these studies were not specifically designed to test predictions arising from any
of the general accounts addressing the benefits of retrieval-based activities, which prevents us from
drawing strong conclusions on this issue.

A point that also merits attention is the fact that we do not observe an effect of question type in
the final test. Because inference questions are thought to rely more on relational processing and deeper
comprehension (Grasser et al. 1994), they should be more sensitive to the conceptual learning that is
expected to stem from concept mapping, or any other elaborative techniques. In partial support of this
expectation, in Experiment 2 the mean proportion of correct responses to inference questions was
numerically higher than the mean proportion of correct responses to verbatim questions in the concept
map plus paragraph group (the one with the best general performance at final test). Moreover, a previous
study that used the same materials (text and questions in the final test) as we employed in the present
work revealed that inferential questions were sensitive to learning after concept mapping (Lechuga et al.
2015), which endorses the utility of such questions to measure relational comprehension here. Taken
together, the above-mentioned evidence allows us to suggest that coupling retrieval-based concept
mapping and free recall in paragraphs only had a subtle effect on those questions requiring inferential
processing. Perhaps such an effect could be maximized in future studies by including a higher number of
inference questions in the learning test to better sample the relational contents described in the text (more
complex study materials may be required).

The present work is not without limitations. First of all, we recognize that the design of
Experiment 1 might not be suitable for detecting small, but still meaningful, effects. Hence, we call for
more studies geared towards comparing the effectiveness of free recall and retrieval-based concept
mapping. A second limitation is the relatively short interval (2 weeks) between learning activities and
learning assessment. While this learning-test delay is longer than that (1 week) used in most previous

studies (e.g., Bae et al. 2018; Blunt and Karpicke 2014), it is a truism that to more precisely determine the
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effectiveness of learning techniques to be adopted in educational settings requires the consideration of
more realistic intervals (i.e., more weeks or even a few months). An additional drawback of the present
study is that neither the educational material (a text on fabrics and fibres) nor the learning/assessment
sessions were part of the genuine educational setting of the students who participated in the experiments,
which necessarily tempers the strength of the conclusions to be drawn from our main findings. As for the
educational material used, we assumed that our undergraduate students had little prior knowledge about
the subject; we therefore chose not to perform a pretest on this knowledge. While any potential effect of
this factor on learning should have been minimized due to the fact that participants were randomly
assigned to conditions, a pretest of this kind could have helped to more precisely determine if this was
indeed the case. Finally, and like many of the previous studies in the field, our second experiment had an
empirical rather than a theoretical focus, which places constraints on how to interpret the findings.

Despite its limitations, we believe the present research makes a relevant contribution to the field
and has implications for practice and future research. Thus, the present findings lend partial support to the
idea that concept mapping is an effective strategy for learning from educational texts (Chevron 2014;
Novak and Gowin 1984). While standard concept mapping (in the presence of texts) has not shown to be
better for learning than performing retrieval-based activities (i.e., Karpicke and Blunt 2011; Lechuga et
al. 2015), the educational relevance of creating concept maps in the absence of texts as well as of
combining it with distinct retrieval activities deserve further attention. Identifying specific couplings of
learning and teaching strategies with a high degree of effectiveness, as well as helping teachers and
students to think of memory tests as knowledge modifiers and learning (not just assessment) tools, should
have practical priority. A recent study (Bae et al. 2018) has shown that coupling free recall (the equivalent
to our paragraph condition) with practice quizzing using multiple-choice questions (e.g., Dunlosky et al.
2013) led to better learning than studying by using other combinations of retrieval-based activities.
Hence, coupling concept mapping with practice quizzing and free recall activities (via different
arrangements) could represent an exciting new direction for forthcoming studies.

Finally, we do think that further research should continue focusing on combining retrieval-based
concept mapping and free recall by writing paragraphs, even with educational materials and participants
(i.e., high school students) different to those selected in the present experiments. Building on this idea,
future research efforts on retrieval-based learning should be carried out under more realistic
circumstances. Thus, researchers could, for example, take advantage of the very materials students cover
in their courses as well as embed the learning/testing sessions into classroom activities. While this
approach would sacrifice internal validity for external validity, it would also help to design better
interventions in genuine educational settings by involving teachers in the process. After all, teachers (like
students, educational psychologists, and parents) are a target audience of the intended message that
emerges from research on retrieval-based learning. On a more theoretical note, more work is needed to
clarify the precise mental processes that different types of retrieval activities entail. Only in the past few
years have researchers started to systematically pay attention to the neurocognitive mechanisms
underpinning retrieval-based learning (see Karpicke 2017). In this sense, our findings point to the need
for more study on the nature of the different retrieval processes that might be induced by different

retrieval activities, as well as on the knowledge representations they might elicit.
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SUPPLEMENTARY MATERIAL

Analyses including all participants

Experiment 1

Performance in the learning session

The 2 (retrieval group) x 2 (retrieval trial) mixed ANOVA revealed that there was a main effect
of retrieval trial, F(1,58) = 11.89, Mse < .00, p < .001, Gy* = .02, with more ideas being produced in the
first trial (.38) than in the second retrieval trial (.35). Neither the main effect of group, F(1,58) < 1, Mse =
.03, p> .50, Gy* < .003, nor the interaction, F(1,58) = 1.56, Mse = .002, p = 217, Gi* = .006, showed to

be reliable.

Performance in the final test

The 2 (retrieval group) x 2 (question type) ANOVA showed a no reliable effect of group, F(1,58) < 1,
Mse = .04, p = .48, Gn*= .01. The effects of question type, F(1,58) < 1, Mse = .03, p > .50, Gy*< .01, and
its interaction with group, F(1,58) < 1, Mse = .03, p = .46, G;72 < .01, also failed to reach statistical

significance and had tiny effect sizes.

Experiment 2

Performance in the learning session

The ANOVA failed to show a main effect of retrieval trial, F(1,108) < 1, Mse = .007; p > .50,
Gi* < .01, thus revealing that participants came up with a similar proportion of ideas in the first (.40) and
second (.41) retrieval activity. There was, however, a main effect of the order of the activities, F(1,108) =
5.4, Mse = .02; p = .02, Gy* = .04. The CM+P group recalled more ideas (.43) from the text than the
P+CM group (.38). There was no effect of the interaction, F(1,108) = 1.52, Mse =.01; p = .219, G172 <.0l.

Performance in the final test

The ANOVA showed a reliable effect of group, F(1,108) = 7.25, Mse = .04; p = .008, GI72 =.04.
The group that completed the concept map first (.36) outperformed the group that first retrieved ideas by
writing them down as paragraphs (.29). There was no other statistically significant source of variability
[type of question: F(1,108) = 3.23, Mse = .03, p = .08, GI72 = .01; interaction: F(1,108) < 1, Mse =.03; p
> .50, Gi* < .01].
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