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Abstract 

We report a category-learning experiment that examines the learning outcomes of classification 

and observational training methods across three category structures. Thus, we crossed training 

(classification vs. observation) and category type (natural vs. featural vs. relational). Some 

subjects classified the stimuli (side-by-side bird pairs) and received corrective feedback after 

each response, whereas others studied these stimuli, wherein they were presented with the 

corresponding category label. The posttest was an endorsement task made up of repeated and 

novel items. We did find an observation training advantage, as subjects in the observation 

training were better in the natural and relational categories for the repeated items, compared to 

subjects in the classification training. However, this advantage disappeared with feature-based 

categories, as subjects in both training conditions achieved comparable performance on the 

endorsement task. For the transfer to novel scenario, there were no differences between the 

training conditions across all categories. This implies that observation training can be leveraged 

as a training approach to the existing methods.  
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1.1 The Testing Effect in Category Learning 

1.2 Introduction 

Testing has been one of the most used methods to assess learners’ ability to transfer their 

knowledge to a novel context. Understanding the extent to which the benefit of testing extends 

beyond the classroom is of utmost importance, not only to educators and policy makers but to the 

public as a whole. With the growing interest in testing, researchers across diverse fields such as 

cognitive psychology and the learning sciences, have sought answers to investigate the benefits 

of testing and how testing impacts the transfer of learning. Studies on retrieval practice are not 

new and can be traced back centuries. Some earlier sources of the phenomenon were reported by 

Spitzer (1939) and Roediger and Karpicke (2006).  

Previous studies have explored the benefits of testing within a category-learning 

paradigm, wherein subjects either learn by classification or observation (Patterson and Kurtz, 

2019; Ashby et al., 2002) with both studies revealing contradictory findings. Testing in this 

context corresponds to classification, whereas observation corresponds to studying.  It is also 

conceivable that these contradictory outcomes could vary as a function of the type of category 

structure that is being learned. Understanding how a category structure impacts its learnability 

and transfer will help learners to strategize as to how to learn different category structures. 

In this present work we explored how category structure and training type affects the 

transfer of learning. Category learning provides a good assessment of the transfer of learning 

because on each trial, subjects are presented a new exemplar, which requires them to transfer 

their knowledge about previous exemplars to novel cases. 

This work would help provide an insight into how learning occurs across different 

category structures and how classification versus observation affect the transfer of learning. In 

the sections that follow, we will review work that examines the relationship between the 



principles of retrieval practice, classification versus observation training in category learning, 

and the transfer of learning.  

1.3 Testing Effect 

One of the most potent methods of memory retention is having learners practice 

retrieving the to-be learned material. When subjects are asked to retrieve the to-be learned 

materials rather than restudying it, the retrieval of the to-be-learned material produces better 

retention of this material. This phenomenon is formally known as the testing effect (Roediger, 

2013).  

The testing effect usually involves a series of stages. Specifically, subjects are first 

presented with the to-be learned materials to study, after studying, some of the subjects are asked 

to retrieve the encoded information whilst others are asked to restudy it. The posttest usually 

involves materials that are identical to the studied material. Results generally show better 

performance for retrieved materials as compared to restudied materials (Carpenter, 2012).  

Retrieval practice has been robust both in and outside the laboratory, and an efficient 

learning tool (Roediger, 2013). Studies on retrieval practice has been conducted in both the 

laboratory and in applied environments (Butler, 2010; Butler et al., 2017; Carpenter, 2009, 2011. 

2012; Carpenter et al., 2008; Carpenter & Yeung, 2017; Carrier & Pashler, 1992; Corral et al., 

2020; Dunlosky et al., 2013; Eglington & Kang, 2018; Kang et al., 2013; Karpicke, 2012; 

Kornell & Bjork, 2008; Larsen et al., 2013; Lee & Ahn, 2018; McDaniel et al., 2015; Pyc & 

Rawson, 2009; Roediger, 2013; Roediger & Butler, 2011). 

Researchers over the years have placed greater emphasis on stimuli that could easily be 

learned through memorization. For instance, stimuli used by earlier researchers include word 

lists (e.g., Wheeler, Ewers, & Buonanno, 2003) and facts (e.g., Carpenter, Pashler Wixted, & 



Vul, 2008; Karpicke & Roediger, 2008). For instance, Carpenter et al. (2008) tasked their 

subjects to study Swahili-English word pairs. Though these earlier studies show the advantages 

of retrieval practice, the stimuli used in these experiments could be learned by just memorization.   

Kang et al. (2007) asked a section of their subjects to study some selected articles. Other subjects 

were asked to answer brief questions while others were given multiple-choice questions on the 

articles. The results revealed that subjects learn better from testing than restudying.  

Though there has been substantial number of investigations on the testing effect and its 

benefits on memory, less is known about the transfer of learning from testing, especially 

involving meaningful stimuli that does not require rote memorization.  

Learning is a lifelong phenomenon, policy makers expect that whatever learners are 

taught, they should be able to be transfer to novel scenarios. The essence of transfer is thus vital 

and as put forward by Schmidt and Bjork (1992), that the end product of learning is to aid 

transfer to similar or novel situations and scenarios. 

1.4 Transfer of Learning 

Transfer entails how learners apply the knowledge learnt from one context to another 

(Alexander & Murphy, 1999). For transfer to take place, learners must be able to apply the 

learned concept from one context to a novel context or similar context (Corral & Carpenter, 

2020). Investigating how learners are able to move from one phase of learning into another 

through transfer is thus important, as is it reduces the cognitive resources that learners would 

have to spend making sense of encountered and unencountered scenarios. 

A substantial amount of student’s life is spent in school with the hope that once they 

complete, they would be able apply the knowledge in novel areas. Transfer of knowledge is thus 

of essence. According to Druckman and Bjork (1994), a substantial amount of our time would 



have been wasted if knowledge and skills do not transfer. Being able to transfer knowledge learnt 

into new environments or scenarios is thus vital.  

Though there are different forms of training in categorization studies, in the present 

study, we focus on classification versus observation. In classification (retrieval) training, subjects 

are presented with the to-be learned material and asked to retrieve, wherein they are given 

corrective feedback after each response. Classifying the to-be-learned category and then getting 

corrective feedback afterwards, involves retrieval because learners must retrieve their hypotheses 

about the categories and prior exemplars. 

On the contrary, in observation training, subjects are presented with the to-be-learned 

materials with the correct answer and are not required to retrieve prior exemplars or hypotheses. 

Observation thus corresponds to re-study, as subjects must simply study each exemplar and are 

not required to actively engage in retrieval of prior information.   

Corral and Carpenter (2020; also see Corral et al., 2023) described what learners must do 

in order to aid the transfer of learning to novel scenarios. Corral and Carpenter postulated that for 

transfer to be successful, subjects must (a) learn and retain the concepts that are being taught, (b) 

understand those concepts deeply enough to realize that they apply to new scenarios, and (c) 

translate those concepts into new contexts appropriately based on the specifics of the novel 

scenario. For example, when a student is taught a physics problem (e.g., acceleration) in class 

and the student encounters a novel acceleration problem in an exam or a different context, the 

student should be able to recognize that the novel scenario is an acceleration problem. To 

transfer their knowledge from previous exemplars to the novel scenarios, the student must 

recognize that the concepts from previous acceleration problem applies to the novel scenario. 



Thus, by recognizing the category of a problem type, it can help learners figure out what solution 

strategy to use (Corral et al., 2020). 

In studying the transfer of learning, most researchers utilize research paradigms that 

include scenarios that requires subjects to transfer the knowledge learned from the to-be learned 

scenario to novel scenarios. For example, McDaniel., et al (2007) explored out how retrieval 

practice aids transfer to novel scenarios in college students. In this study, participants were 

presented with a quiz in three presentation formats. Some of the participants learned the quiz 

through multiple choice (MC), whilst others learned through short answers (SA), and the third 

group studied the quiz by reading only (RO). The posttest was made up of repeated materials and 

new materials. The results revealed a retrieval practice advantage for the quizzed participants as 

compared to the participants that were asked to read only. Though there was retrieval advantage, 

material used in the study were not made up of complex material that entails the transfer of of the 

learned materials(Leahy et al., 2015; Pan & Rickard, 2018; van Gog & Sweller, 2015), but rather 

materials that could be learned through rote memorization, thus rendering such a study 

inconclusive. 

Rohrer et al. (2010) investigated the extent to which the amount of transfer impacts the 

strength of the effect of retrieval practice. Across two experiments, 4th- and 5th-grade pupils 

were tasked to learn to designate regions or cities to mapped positions. Participants in the 

experiment either engaged in retrieval (test group) or study (study only). Prior to being asked to 

either retrieve or study, all participants went through a training session on both retrieval (testing) 

and studying. The posttest was made up of studied questions and novel questions. The outcome 

of the study reveals a greater retrieval practice advantage on the transfer items for participants 

that were tested compared to the participants that restudied. 



Though greater transfer was found for participants that were asked to retrieve, the prior 

exposure to study and testing and the subsequent testing in the retrieval condition might have 

provided the retrieval group a learning advantage compared to participants that only studied. The 

alternation between study-test-re-study-test is a confound. Firstly, study-test-re-study-test allows 

the testing group to alternate between testing and re-studying, whereas the re-study group only 

gets to re-study. For this reason, the re-study group might become bored whereas the testing 

group might be more engaged as a result of alternating between tasks (Healy et al.,2017). 

Secondly, task alternation between testing and re-studying allows the testing group to space their 

study, whereas the re-study group has to engage in massed study (Carpenter et al., 2005). 

1.5 The testing effect and transfer 

In a related review, Pan, and Rickard (2018) explored the impact of the retrieval practice 

effect on transfer. The analysis shows that the effect of transfer tends to disappear when the 

posttest is made up of material that have not been encountered during the initial encoding phase. 

Critically, Pan and Rickard noted that theories on the testing effect seem to mostly revolve 

around explaining memory benefits, but do not explain why retrieval practice would aid transfer. 

1.6 Categorization, Testing, Transfer and Cognitive Load 

The hallmark of categorization is to be able to transfer knowledge learnt from one 

environment to novel scenario. The two main types of training basically employed in 

categorization are classification and observation training. In classification training, subjects are 

presented with a category without the label, and they are asked to provide the label. 

Classification requires subjects to retrieve previous exemplars and hypotheses about the category 

and thus corresponds to engaging in retrieval. Classification training thus entails a greater 

amount of cognitive load because it requires more mental effort and attention from the learner. 



This is so because it involves more complex and abstract cognitive processes, such as hypothesis 

testing, and feedback processing. Classification training encourage learners to focus on getting 

correct answers by hypothesizing what determine category membership as opposed to learning 

about the overall nature of the categories (Levering & Kurtz, 2015). 

In contrast, in observational learning, subjects are presented with the correct answer and 

are not required to retrieve the aforementioned information, and so this corresponds to the 

restudy version of the testing effect paradigm. Observation learning thus involves less cognitive 

load, because subjects are not required to commit cognitive resources on hypothesizing about 

what determines a category membership (Levering & Kurtz, 2015). 

Yang and Shanks (2018) studied retrieval practice in the painting styles of various artist. 

Yang and Shanks asked their subjects to learn the painting styles of artists across four lists. The 

initial stage of the study was made up of a painting style of an individual artist. Yang and Shanks 

assigned participants to three conditions. Participants in the study group were given the painting 

styles of artist to study, followed by math test, and then followed by study again in that order for 

the four different lists. For the testing group, subjects initially studied the painting styles of the 

artists, took a math test, and then were given a classification task, in which they classified which 

artist was the one who drew the painting that subjects were previously presented. Participants in 

the math condition initially studied the painting styles, were then given and tested on math 

questions, in that order. The outcome of Yang and Shanks study revealed a testing effect for the 

testing group. 

On the other hand, Lee, and Ahn (2018) failed to show the retrieval practice advantage in 

a categorization task. In their experiment, participants learn the painting styles of artist divided 

into two distinct parts (A and B). Participants in the study group were assessed initially or not on 



the learned painting style of part A prior to continuing on to study the painting styles of part B. 

Results of their study failed to find a testing effect. 

Both Yang and Shanks (2018) and Lee and Ahn (2018) papers suffers from the same 

methodological limitations, as participants in all conditions initially engaged in an initial study. 

Thus, subjects in the classification conditions were allowed to switch between study and 

classification, whereas this was not the case for subjects in the study conditions. Engaging in 

study and then classification affords participants to switch between tasks, which can offset 

boredom and reorient attention (known as the cognitive antidote to boredom; see Healy et 

al.,2017). On the other hand, the study group simply re-studies the stimuli again and so they do 

not get the benefits of task switching. This methodological limitation thus makes drawing firm 

conclusions from these studies questionable.   

Levering & Kurtz (2015) compared classification training to observational training task 

wherein participants were provided labeled examples and not required to make a classification 

judgement. The stimuli for the experiment were made up of line drawings of made-up cartoon 

animals. The stimuli differed along some feature dimensions: beak, antenna, wing, tail, and feet. 

The results from their study, shows an observational training advantage compared to 

classification training. The use of made-up cartoon animals may limit generalizability to more 

complex or naturalistic categories. Research involving an ecologically valid categories would 

provide a better understanding of how people learn categories in their daily lives. 

Across three experiments, Patterson, and Kurtz (2020) investigated the effect learning 

type in relational category learning. The stimuli for their experiment consisted of three relational 

categories. The study was made up of comparison learning conditions, wherein two side-by-side 

stimuli were shown and remained until the trial elapses. The comparison learning groups were 



matching-category classification and varied-pairs classification. The other condition was the one 

item per trial conditions, wherein a single stimulus was shown. The conditions for the one item 

were one-item classification and one-item observational. Participants in Patterson and Kurtz 

experiments were asked to either learn the relational category by classification, whereby they 

were provided with feedback or to learn by observation wherein the subjects were provided with 

the category label to study. Thus, classification and observation were crossed with single versus 

two-item learning; one-item learning conditions, only a single item was presented on each trial, 

whereas two-items from the same category were presented to subjects in the two-item trials. 

The posttest was made up of an endorsement task whereby participants were shown a 

given category with a label, and the participants were asked to indicate if it was correct. During 

the posttest, a single item was presented on each trial, in which subjects determined if it was a 

member of a given category. Results from the Patterson and Kurtz studies shows an 

observational learning advantage compared to the classification learning for repeated items 

whilst for the novel items this advantage disappeared for single items. 

Ashby et al. (2002) explored the effects of classification and observation training 

categorization task. In their experiment, participants were either provided with the name of a 

category and then later shown an exemplar belonging to the very category. Participants assigned 

to this condition were the observation condition. Participants assigned to the classification 

training were shown the category without the label, and thus were tasked to retrieve the category 

label. After retrieving the category label, the participant was given corrective feedback. The 

result from Ashby et al. shows that participants who were asked to classify performed better 

during the posttest compared to participants in the observation condition.  



It is worth noting that Ashby et al. (2002) utilized dot patterns and dashes to represent 

their category structures. Their stimuli consisted of four pairs of category structures. Two pairs 

belonged to category A, represented by dashes, and the other two pairs belonged to category B, 

represented by dot patterns. The categories were differed by the location of the means. The dot 

patterns and dashes varied in length and orientation. In contrast, the stimuli used by Patterson 

and Kurtz (2020) were made up of Stonehenge like manner arranged rocks, that varied in color, 

size, and shape, with the category type defined by the relative position of the shapes. Also, the 

stimuli were presented either as same-category pairs, mixed pairs, or single-item. Subjects in 

Ashby et al studies were informed about the two categories: “A” and “B”, and that each had an 

equal and probable chance of occurrence. On the other hand, subjects in Patterson and Kurtz 

study were not informed about such an equal and probable chance of occurrence. These 

differences might explain the differences in the results between the two papers. 

Sarakpo and Corral (2022) investigated retrieval practice using featural and relational 

categories. Stimuli for the experiment were Shepard circles. Participants in the classification 

training were asked to classify the stimuli, whereby they were provided with corrective feedback 

after each response. For the observational condition, participants were not asked to classify but 

were shown the stimuli and asked to study it and then find a way to determine its category 

membership.  

The posttest was made up of an endorsement task, and our results revealed a statistically 

significant interaction. Specifically, participants assigned the classification training, better 

learned the relational categories than participants assigned to the observational training. On the 

other hand, there were no differences in subjects ‘mean performance in the featural categories 

between the observation training and the classification training. However, it is important to 



mention that our stimuli consisted of two side-by-side objects, and defined by the brightness, 

radius tilt or size of the dimension. The identification of a stimulus for a participant was 

contingent on the values of the stimulus on a single dimension, which was counterbalanced 

between conditions.  We did not test for memory (repeated items) in the above experiment. 

Additionally, performance was generally low in this study, and as such, it is important to 

replicate this finding by testing for memory and with stimuli that are more learnable, because the 

results might differ with more learnable stimuli. Table 1 shows studies showing classification 

and observational training advantages.  

Table 1: Classification and Observational training advantages. 

Study                                              ST                                CTA                                   OTA 

Patterson and Kurtz (2020)           rocks                               No                                       Yes                

Levering and Kurtz (2015)           cartoon animals               No                                       Yes 

Sarakpo and Corral (2023)           Shepherd circles              Yes                                      No 

Ashby et al., (2002)                      dots and dashes               Yes                                       No 

Lee and Ahn (2018)                      Painting Styles                No                                       Yes                                   

Yang ang Shanks (2018)              Painting Styles                Yes                                       No 

Jacoby et al., (2010)                     Birds                                Yes                                       No 
Note. ST = Stimulus Type, CTA = Classification Training Advantage, OTA = Observational Training Advantage. 

 

Various theories make different predictions about which type of training should lead to 

better learning. In the section that follows, we review some predictions that might follow from 

the extant theories. 

1.7 Transfer and Cognitive Load Theories 

Sweller (1988, 2011) proposed cognitive load theory, which holds that because working 

memory has a limited capacity, overburdening it impairs learning. With high cognitive overload 

subjects are left with little capacity for other aspects of the task at hand. Classification tasks 

require subjects to retrieve the category label, which might put demands on working memory 

during training and thus might lead to lower performance than observation training. 



 Cognitive load theory might predict that for easier to learn categories, learning by 

classification is better, but for harder to learn categories learning by observation is better, 

because classification might place a heavier load on the learner than observation. Thus, for 

cognitive load theory, this interaction is contingent upon how difficult it is to learn the category 

type. 

Stimuli that involve more interconnections require learners to hold more information in 

working memory. For this reason, more interconnected items might be more difficult to learn.  

This interaction thus seems to follow for featural, and relational categories based on element 

interactivity account. 

For instance, based on cognitive load theory, Leahy et al. (2015), it might be predicted 

that the retrieval practice advantage may disappear with to be-learned material that are high in 

element interconnectivity. The degree of element interconnectedness refers to how well the 

elements of a task can be well learned without the need to learn the relations involving any other 

elements (Sweller,1994). 

This is so because concepts that are high in interconnectivity strain working memory more than 

concepts that are low in element interconnectivity. Leahy et al. tested this prediction in primary 

school students aged 8 to 9 across three different experiments. Primary school students were 

presented with materials related to bus schedule with high element interconnectivity. The results 

of their study failed to show evidence of the testing effect and were thus in line with their 

predictions. 

In a related review, Sweller and Van Gog (2015) concluded that the interconnectivity of 

the to be learned concepts reduces the testing effect. The cognitive demands in classifying highly 

interconnected elements might therefore lead to the disappearance of the testing effect. 



Featural concepts are concepts defined by a given feature or set of features. Being a 

member in feature-based category is defined by visible characteristics like size, shape, or color 

(Tomlinson & Bradley, 2010). An example of a feature category is a stimulus defined by size 

(e.g., all objects are small vs. all objects are large).  

On the other hand, relational concepts are concepts defined by the way its elements are 

bound to specific role-filler bindings by shared relations (Corral & Jones, 2012, 2014). For 

example, John threw a pen at Mark. This scenario is defined by the specific way in which the 

throw relation binds John and Mark to specific roles, such that it is John who is doing the 

throwing and Mark who is at the receiving end. 

Relational concepts generally involve a relatively high amount of element 

interconnectivity. Feature categories thus involve fewer interconnections among its elements 

than relational categories.  

With the fewer element interconnectivity of featural concepts and the high element 

interconnectivity of relational concepts, we expect an interaction between 

classification/observation and relational/featural categories. We expect observational training to 

benefit relational categories more so than classification, whereas for featural categories, we 

expect classification training to better benefit learning than observational training. 

Though these studies used educational materials, the findings by Leahy et al. (2015) and 

the review by Sweller and Van Gog (2015) suggest that there is an interaction between training 

and category type. 

In conclusion, cognitive load theory predicts that for easier to learn categories, learning 

by classification is better, but for harder to learn categories learning by observation is better 

(because classification might place a heavier load on the learner than observation). Because of 



the high cognitive demand as predicted by cognitive load theory, subjects would be left with 

little capacity for other aspects of the task at hand. Thus, classification should benefit the 

learning of feature-based categories, but this advantage should disappear with relational 

categories.  

Current theories of the testing effect predict testing improves memory of the material that 

is retrieved and thus by having better memory of that information, they might predict a benefit of 

classification over observational learning, because subjects who engage in classification should 

have better memory of the  to-be-learned concepts and previous exemplars than subjects who 

engage in observation (Bjork, 1975; Carpenter, 2009; Karpicke &Roediger, 2007). 

The motivation of the present thesis is thus to examine which method of training 

produces superior transfer and whether this effect might depend on the type of category that is 

being learned. We would like to extend the testing effect to category learning by using stimuli 

that are ecologically valid and relatively learnable, and to also assess whether the results differ 

for repeated versus novel items (i.e., whether the effects hold on items that involve memory and 

transfer). To have a better understanding of this question, we will investigate classification 

training versus observational training across different category structures and training type, and 

whether it aids memory for studied items and the transfer to novel items. 

To assess memory and transfer, we included repeated and novel items in the posttest. We 

included that because our results on the studied and the novel items might vary based on memory 

versus transfer, where we might see a benefit of classification for repeated items, but the effect 

might be weaker for novel items. 

From Bjork (1975; also see Carpenter, 2009) elaborative retrieval hypothesis, we might 

predict a main effect of training condition, with classification doing better regardless of the 



category and item type. In contrast, the work on cognitive load (Sweller ,1988, 2011) and 

element interconnectivity (Leahy et al., 2015) might lead to the prediction that classification will 

benefit the learning of feature-based categories, but this advantage should disappear or become 

weaker for relational categories. 

1.8 Present research 

In this present experiment, we explored whether the principles of retrieval practice can be 

extended to the learning of different category structures. The three different category structures 

used in the study were natural categories, feature-based categories, and relational categories. To 

test these questions, we used natural stimuli. The stimulus for our experiment were made up of 

bird pairs. The natural category is the natural family/category to which the bird pairs belong to. 

Bird pairs were from the same family and were both from the Estrildidae family or both were 

from the Fringillidae family. 

 For the feature-based bird pair categories, the bird pairs were characterized by the 

presence of a given feature, wherein both bird pairs were colorful for one category, whereas for 

another category, both bird pairs were darker. For the relational categories, the categories were 

characterized by the shared relations binding elements to fill specific roles (Corral & Jones, 

2012, 2014), thus for our stimulus the left bird was brighter than the right bird for a given 

category or vice versa for the other category.  

We crossed the category type (natural category vs. featural category vs. relational 

category) with training type (classification vs. observation). Participants who receive 

classification training were asked to classify the presented bird pairs, whereby they were 

provided with corrective feedback after each response. By being asked to classify, participants 

have the opportunity of retrieving the to-be-learned category hypotheses or exemplars. For the 



observational training, participants were not required to classify but rather were shown a bird 

pair with a category label and asked to study it, and then find a way of determining its category 

membership. We thus investigated (a) which training type (classification vs observation) aids 

better performance/learning of a category structure (natural category vs. feature-based category 

vs. relational-based category), (b) which training type (classification vs observation) leads to 

better performance for old and novel items(transfer), and (c) does the effect of training format 

vary as a function of category type. 

Based on theories of the testing effect (Carpenter, 2009, 2012; Pan & Rickard, 2018), one 

might predict that there will be a main effect of training where classification training would lead 

to better performance  irrespective of the type of item.  

 Based on cognitive load theory (Sweller, 1988, 2011) and element interactivity (Leahy et 

al.,2015) an interaction might be expected between training type and category type, wherein 

classification should benefit the learning of feature-based categories, but this advantage might 

disappear on relational categories.  

In contrast, based on the findings from Ashby et al. (2002) and Patterson and Kurtz 

(2019), a different type of interaction might be expected between mode of training and category 

structure. Specifically, classification training might lead to better learning of the featural 

categories than observational training, whereas observational training might lead to better 

learning of the relational categories than classification training. 

2.0 Methods 

Our aim in the study was to examine if principles of the testing effect could lead to better 

performance in memory and also in the transfer of learning to novel items in a natural category 

learning task. The stimuli for the experiment were made up of bird pairs. The bird pairs were 



used to form three different category structures: (a) natural, (b) feature-based, and (c) relational 

categories. 

2.1 Experiment 

2.2 Subjects  

Participants were 293 Introductory Psychology students at Syracuse University, who 

served as participants in exchange for course credit. The participants were given partial course 

credit for taking part in the study.  

2.3 Design and Materials  

A 3 × 2 × 2 mixed design was used for the experiment. Thus, category type (natural vs. 

feature vs. relational categories) was crossed with training type (classification vs. observation) 

and test type (repeated vs. novel). The category type and training type were between-subject 

factors whilst the test type was a within-subjects factor. All images contained a single bird. We 

used a total of 120 images for this experiment: 60 images were from the Estrildid family whilst 

the remaining 60 were from the Fringillidae family. Each stimulus consisted of a bird pair. We 

used bird pairs to denote a structured relationship between the two birds in relational category 

condition, and we wanted to keep the stimuli that subjects were presented consistent across all 

category types. 

 From the order Passeriformes, we took birds from the Estrildid (tiny seed-eating birds 

of the passerine family found in the Old-World tropics and Australasia). The other family was 

made up of the Fringillidae (true finches of small to medium-sized passerine birds). For the 

natural categories, Category A consisted of bird pairs from the Fringillidae family, whereas 

category B was made up of the Estrildid family. Bird pairs for a given category were thus always 

from the same bird family.  



  For the feature-based condition, Category A consisted of colorful bird pairs, whereas for 

Category B it consisted of darker bird pairs. The feature categories were partitioned such that 24 

images of each family were ambiguous, 18 were clearly colorful and 18 were clearly darker (less 

colorful images). These images were closer to their corresponding category rule (i.e., for 

category A these were more colorful than dark, and for category B these were darker than 

colorful). 

For the relational conditions, the stimuli in Category A had colorful pictures on the left 

side and darker pictures on the right side for a bird pair, whereas for Category B, it had darker 

pictures on the left side and colorful pictures on the right side for a bird pair. For each subject, 

the bird pairs that were selected were randomized, subject to the constraint that they cohered to 

the corresponding category rule.  

Stimuli for natural categories were from two bird families (Estrildidae and Fringillidae). 

Categories A consisted of bird pairs from Estrildidae family whilst for category B, the bird pairs 

were from the Fringillidae family. For the natural category, this meant that the two bird families 

were never paired together, but the feature and relational categories involved pairs that were and 

were not from the same family. Also, the featural and relational categories were characterized by 

how colorful and less colorful the bird pair were, but that was the same for the natural categories. 

Images of bird pairs used in this study were taken from www.whatbird.com and Google 

Images. In line with Jacoby et al. (2010), the birds were taken from a single taxonomic order 

called Passeriformes (perching birds). For access to the stimuli, please visit https://osf.io/uvtr7/ 

2.4 Procedure 

Participants were provided a cover story at the beginning of the experiment. Participants 

were provided a cover story in which they were being asked to join a task force to help the 

https://osf.io/uvtr7/


government decode bird pair patterns that were being used by an alien species to communicate 

with one another.  

One hundred birds were used for the training phase (i.e., 50 bird pairs), and 20 bird pairs 

were included in the posttest. 

All stimuli were presented on a standard 24-inch LCD computer monitor on a black 

background and all responses were entered using a computer keyboard.  

The training phase was made up two blocks with 50 bird pairs in each block. The two 

training blocks included the same bird pairs. We included two blocks to give subjects a chance to 

better learn the categories, thereby avoiding floor effects. This was necessary after running a 

pilot study where we realised that a single training block was not sufficient for the learning of the 

relational and natural categories. There was a rest break after every 25 trials, which was self-

paced.  

The sequence in which the bird pairs appeared for each participant was randomized. For 

each participant, the category label that was used for each category was randomized. On each 

trial, the bird image that appeared on the left side and right side of the screen was randomized. 

For each subject, the bird pairs that were selected was randomized, subject to the constraint that 

they cohered to the corresponding category rule. For the natural category, this meant that the two 

bird families were never paired together, but the feature and relational categories involved pairs 

that were and were not from the same family. 

For the relational category conditions, this was constrained by the category rule, such that 

the image that was shown on the left and the right sides of the screen needed to cohere to the 

category rule of being more/less colorful. By doing this, it would allow for a natural 



randomization of which birds would be presented on the right and left sides of the screen for 

each subject in the relational category conditions. 

Participants assigned to the classification training were to classify the bird pairs that were 

presented one pair at a time. After making a classification judgment, participants were provided 

with correct-answer feedback, whereby they were presented the corresponding category label 

and were asked to study the bird pair carefully and think about how they are related and their 

similarities and differences. Also, the correct answer appeared in green during the learning phase 

and was presented directly beneath the stimulus. 

For participants in the observation condition, the bird pairs were shown with one pair at a 

time on the center of the screen, with the corresponding category label beneath it. Subjects were 

presented the corresponding category label and were asked to study the bird pair carefully and 

think about how they are related and their similarities and differences. Thus, with the exception 

of the classification condition making a classification judgment before seeing the correct 

category label, the classification and observational conditions were identical. 

Once subjects in both the classification and observation conditions were shown the 

correct category label for the stimulus, subjects in both conditions were required to enter the key 

press that corresponded to the category label in order to move on to the next trial. The screen was 

cleared after each response. All participants went through the training phase, and then completed 

the posttest. The two category labels that we used were Alkins and Bafsters, and the category 

that they corresponded to (i.e., Category A and Category B) was counterbalanced across 

conditions. 

The intertrial interval was 300ms. Once the category label on each trial was presented, 

there was a waiting time of 5s.  



The posttest was made up of an endorsement task and consisted of repeated and novel 

items, in which participants determined if the label of a bird pair was correct or wrong. We 

employed an endorsement task instead of a classification task on the posttest in order to reduce 

the potential effects of transfer appropriate processing (Morris et al.,1977), since subjects in the 

classification condition engaged in classification during training. 

In all, 20 bird pairs were used for the endorsement task with 10 bird pairs sampled from 

the training (repeated) set and the remaining 10 pairs constituted novel bird pairs. The 10 bird 

pairs that made up the studied items were randomly selected from the bird pairs used during the 

training and thus, were encountered by the participants beforehand, with the novel bird pairs only 

encountered during the posttest.  

In the endorsement task, the bird pairs were randomly selected (subject to the constraint 

of being novel and repeated bird pairs), with the order of presentation randomized for each 

participant. For both repeated and novel bird pairs, half of the pairs were from Category A with 

the other from Category B. For each bird pair, a category label was displayed beneath the 

stimulus and the subjects were asked to “Press "Y" if this label is correct or press "N" if it is 

incorrect”. No feedback was presented. Figure 1 illustrates this general procedure used 

throughout. 



A. 

 

  

B. 

 

 

 



 

C. 

 

D. 

 

Figure 1. An example of a/an (a) classification training for natural category A (b)observation training for feature category A (c) 

observation training for feature category B, and (d) endorsement task for the posttest. 



3.0 Results 

3.1 Primary Results 

We examined subjects’ performance on the posttest using a 3 (Category type: natural vs. 

featural vs. relational) × 2 (Training: classification vs. observational) × 2 (posttest: repeated vs. 

novel) mixed analysis of variance (ANOVA), with category and training type as between-subject 

factors and posttest as a within-subject factor. This mixed ANOVA revealed a main effect of 

training type, F (1,291) = 3.87, p = .050, MSE = 0. 091. That is, participants in the observational 

training performed better in the posttest compared to participants in the classification training 

condition. There was no interaction between training type and category type, F (2, 287) = 2.44, p 

=.089, MSE = .058. Table 2 illustrates participants mean posttest performance for each category 

type across training types. 

Table 2 

Mean performance on the posttest for repeated and novel items. 

 NC NO FC FO RC RO 

Repeated 

Items 

Novel Items 

All Items 

0.569 (0.028)      

 

0.502 (0.022) 

0.535 (0.018)       

0.657 (0.023)       

 

0.546 (0.022)      

0.602 (0.017)      

0.856 (0.028)      

 

0.815 (0.029)      

0.835 (0.026)      

0.823 (0.029)      

 

0.806 (0.031)      

0.815 (0.028)     

0.539 (0.029)       

 

0.487 (0.027)       

0.513 (0.023)       

0.622 (0.023) 

 

0.525 (0.026)   

0.574 (0.019) 

Note. Standard errors of the mean are shown in parentheses. NC = Natural Classification, NO = Natural observation, FC = Featural 

Classification, FO = Featural Observation, RC = Relational Classification, and RO = Relational Observation. 

 

3.2 Results for Repeated Items 

Figure 2 illustrates participants mean performance on the posttest for repeated items for the 

category types by training types. The mean performance on the posttest for the repeated items for 

the observational training was better for the natural category (M = 0.657, SE = .023) as compared 



to the classification training (M = .569, SE = .028), p =.029. The mean performance on the posttest 

on repeated items for observational training for the relational categories was better (M = .622, SE 

=.023) than the classification training for the repeated items for the relational category (M = 0.539, 

SE = .029), p =.029. This demonstrate that observational training led to better posttest performance 

than classification training for natural and relational repeated categories. The mean performance 

on the posttest for the repeated items for the classification training on the featural categories (M = 

.856, SE = .028) was not different from the observational training condition (M = .823, SE = .029), 

p = .414.   

Taken together, these results suggest that there is an observational training advantage for 

the repeated items for the natural and relational categories as compared to the classification 

training. We did not observe this observational training advantage in the featural categories. 

 



 

Figure 2. Mean performance and standard errors of the mean on the posttest for each category type by training type on the repeated 

items. 

3.3 Results for Transfer Items 

Figure 3 shows mean performance on the posttest for novel items by training type. For the 

novel items in the natural categories, there were no differences in mean performance for subjects 

in the observational/natural category training (M = 0.546, SE = .022) and subjects who received 

classification/natural category training (M = 0.502, SE = .022), p =.258. For the novel items in the 

featural categories, there were no differences in mean performance between subjects in the 

observational/featural category training (M = 0.815, SE = .029) and subjects in the 

classification/featural category training (M = 0.806, SE = .031), p = .258. For the novel items in 

the relational categories, there were no differences in mean performance between subjects in the 

observational/relational category training (M = 0.525, SE = .026) and subjects who received 

classification/relational category training (M = 0.487, SE =.027), p>.258. The subjects mean 
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performance in the novel items follows the same trend as in the repeated items but did not reach 

statistical significance. 

 

 

Figure 3. Mean performance and standard errors of the mean on the posttest for each category type by training type on the novel 

items. 

3.4 Planned Analyses 

Our analysis plan stated that we would conduct 3 × 2 × 2 mixed ANOVA (category type: 

natural vs featural vs relational × training: classification vs observation × posttest: novel vs 

repeated). We followed up with this approach. For the repeated items, there was a main effect of 

training condition, F (1,292) = 4.43, p = .036, MSE = 0.156. That is, participants in the 

observation training condition performed better in the posttest for repeated items compared to 

subjects in the classification training condition. For the repeated items in the posttest, there was 

an interaction between training mode and category type, F (2,292) = 3.27, p = .040, MSE = 

0.115. Observational training led to better posttest performance than classification training for 
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natural and relational repeated categories (both ps < .029). There were no differences in posttest 

performance between observation and classification for featural categories (p = .414). For the 

novel items, there was no main effect of training mode, F (2,287) = 1.29, p = .258, MSE = .044, 

nor was there an interaction between training type and category type, F (2,287) = 0.59, p = .558, 

MSE = 0.02. All analyses for the experiment can be accessed at https://osf.io/uvtr7/. 

4.0 Discussion 

In this study, we used classification and observational training methods to test if retrieval 

practice could improve memory for repeated items and the transfer of learning to novel scenarios 

in a category learning task. We crossed training type (classification vs. observation) and category 

type (natural vs. featural vs. relational). Some subjects learned these categories by classifying the 

stimuli (side-by-side bird pairs) and receiving corrective feedback, whereas others learned them 

through observation, wherein the stimuli were presented with the corresponding category label. 

The type of training was statistically significant and there was no interaction between 

training and category type. For the repeated items, the results show a main effect of training type 

and an interaction between training type and category type. The results show an observational 

training advantage in the repeated items for the natural categories and in the relational categories, 

but this effect seems to disappear for the featural categories and is not present at all on the novel 

items for any of the categories. Thus, there is a memorial benefit of learning of the to-be-learned 

categories, particularly for subjects in the observational training condition in the natural and 

relational categories, but this benefit was weaker for the transfer to the novel materials.   

This result is in line with prior studies that indicated that learners in the observational 

training conditions performed better than learners in the classification training condition (Levering 

& Kurtz, 2015), and for repeated items (Patterson & Kurtz 2020). We found a similar pattern, 

https://osf.io/uvtr7/


whereby subjects in the observational training condition performed better than subjects in the 

classification training condition for the repeated items in the relational and natural categories, with 

the benefit going away in the feature-based categories.  

The outcome of our study could be explained with the cognitive load theory (Sweller 1988, 

2011), particularly for the relational categories, and in part (for the natural categories) where 

participants demonstrated an observational training advantage over classification training, 

especially when assessed on repeated items. This is so because the act of retrieving the to-be-

learned categories (classification training) involves more mental effort and exhausts working 

memory resources than restudying (observational training). Classification requires subjects to 

retrieve previous exemplars and hypotheses about the category which entails retrieving 

information from long-term memory, a very laborious and demanding process. On the contrary, 

observational training subjects are presented with the correct category answer and are not required 

to retrieve or hypothesize about the category, and thus entails an inactive encounter with the to-

be-learned category, a less laborious task. Retrieving and hypothesizing might have led to 

depletion in working memory (Chen et al, 2018; Schmeichel, 2007) likely leading to the lower 

mean performance in the classification training compared to subjects given observational training.  

Our results are also in line with the predictions of Leahy et al. (2015), and Sweller and Van 

Gog (2015), that the testing effect may disappear with to be-leaned material that are high in 

element interconnectivity. It seems the relational categories and the natural categories were highly 

interconnected leading to the observational training advantage in the repeated items compared to 

the classification training.   

The results of this study are in conflict with studies showing advantages of classification 

training over observational training (see Ashby et al. 2002; Sarakpo & Corral, 2021). One plausible 



explanation for these discrepancies lies in the stimuli used in these studies. Specifically, Ashby et 

al. used stimuli made up of dots and dashes, varying in length and orientation. In the study by 

Sarakpo and Corral, they utilized two-side-by-side objects defined by values across three 

dimensions: brightness, size, and radius tilt. 

For our present work, we used bird pairs to denote three category structures: For the natural 

categories, category A comprised of bird pairs from the Fringillidae family, whereas category B 

consisted of bird pairs from the Estrildid family. For the feature-based condition, category A, were 

made up of colorful bird pairs, whereas category B included darker bird pairs. In the relational 

categories, we manipulated the arrangement of the bird pairs. For category A, colorful pictures 

appeared on the left side and darker pictures on the right side for each bird pair. Conversely, in 

Category B, the arrangement was reversed. 

These variations in stimuli likely contributed to the observed differences across these 

studies. Also, how the researchers structured the categories across the different studies might have 

led to participants, requiring distinct learning strategies. We also tested for memory in the present 

study whereas Ashby et al, and Sarakpo and Corral did not. 

For the transfer to novel items, there were no differences in subjects’ performance given 

the training type. In the retrieval practice literature, not much work is done on tasks involving 

transfer of learning to novel scenarios (Carpenter et al., 2020). Current theories on retrieval 

practice investigates how retrieval strengthens memory of the to-be-learned materials (Carpenter 

et al., 2022; Pan & Rickard, 2018). On the other hand, these extant theories do not clearly state 

how this strengthening in memory might aid in the transfer of learning to novel scenarios.  

This study shows that to transfer to novel scenarios in a category learning task, memory of 

the to-be-learned materials is not sufficient to translate to the novel scenario, but rather subjects 



might need to be able to recognize what makes a category type distinct from the other and then be 

able to transfer that learned information to novel situations. 

The few studies on category learning that have examined classification versus 

observational training have not examined whether their effects vary as a function of the category 

type. We build on this work by investigating whether the effects these different types of training 

vary as a function of the type of category that subjects are learning.  

Even though we did not find a reliable  interaction between training type and category, we 

did find there is some evidence that the outcome varies based on the type of training and the 

categories (when we collapsed across natural and relational categories) for the repeated items. 

These category types are usually not the focus of researchers when looking at retrieval practice 

and transfer.  

Beyond the theoretical implications, the result of this study has implication in cognitive 

psychology and the learning sciences. With scientists looking for better ways to teach students, 

this study has shown that observational training method can be leveraged as a powerful training 

approach to add to the existing methods of teaching. Thus, giving learners correct answers during 

learning helps improve their memory and performance when assessed on repeated items as 

compared to when learners are asked to actively discover the answers themselves (classification).  

Also, in the learning of natural and relational categories, this study demonstrate that observation 

training may be a more effective and efficient way to teach students. For instance, when teaching 

students natural categories like birds, students might benefit more from the teaching by being 

given examples from these categories to observe the similarities and differences among them. 



4.1 Limitations and Future Directions 

The present study represents a first attempt to investigate if the principles of retrieval 

practice could be extended to category learning, and whether the benefits of classification and 

observation training types vary as a function of the type of category that subjects are learning. 

Although our results favored observational training in the repeated items for relational and natural 

categories, it is worth noting some limitations. 

The relational categories were difficult for subjects to learn. The relational categories were 

characterized by the shared relations binding elements to fill specific roles (Corral & Jones, 2012, 

2014), thus for our stimulus the left bird was brighter than the right bird for a given category or 

vice versa for the other category. Being able to determine a category membership is contingent on 

subjects understanding the shared relations binding elements to fill specific roles. Because of the 

shared relations, relational categories are usually more abstract, and complex compared to featural 

categories, requiring higher-order cognitive processes such as analogical reasoning (Gentner & 

Markman 1997) and comparison (Gentner & Markman 1997; Hammer et al, 2008). The process 

of abstracting and comparing the bird pairs might be challenging for learners in the relational 

categories, leading to the subjects’ lower performance in the relational categories.  

Also, with the shared relations, surface similarity of relational categories might also 

influence how subjects form wrong associations leading to the difficulty in subjects learning the 

relational categories. For instance, subjects might fail to notice that in the relational category, the 

stimuli in Category A had colorful birds on the left side and darker birds on the right side for a 

bird pair, whereas for Category B, it had darker birds on the left side and colorful birds on the right 

side for a bird pair, as subjects might be focusing on some seemingly obvious relations such as the 

beak or tail length of the birds: they might be focusing on elements of the stimuli that are not part 



of the relational category. Future studies could address this issue by using relations that are more 

salient to learners.  

 For instance, if the relational stimuli were very easy to learn, participants in our study 

might have been able to learn at comparable rate just like the featural categories in the repeated 

items, and in the transfer to novel items. For example, if the participants were to learn that the 

relations of the bird pairs were based on their colorfulness (e.g., left bird is colorful than right 

bird), they might have been able to apply this rule to the other category (e.g., right bird is colorful 

than left bird). Being able to learn such a rule, would have freed the participants from focusing on 

irrelevant features such as the beak or tail length of the bird pairs. Participants might have also 

been able to transfer the rule to the novel scenario, just as they did with the featural categories.  

We manipulated the different category structures, and this manipulation might have 

imposed some difficulty and impacted our results.  

For example, for the natural categories, category A consisted of bird pairs from the 

Fringillidae family, whereas category B was made up of the Estrildid family.  

For the feature-based categories, the categories were defined by how colorful or darker the 

bird pairs are. These were so distinct and so apparent that participants were able to learn the 

categories so easy. 

With the relational categories, the stimuli in category A had colorful birds on the left side 

and darker birds on the right side for a bird pair, and vice versa for category B. This might have 

imposed some difficulty in the participants learning.  

The category manipulation was such that for each subject, the bird pairs that were selected 

was randomized, subject to the constraint that they cohered to the corresponding category rule. For 

the natural category, this meant that the two bird families were never paired together, but the 



feature and relational categories involved pairs that were and were not from the same family. This 

variation in category structures might introduce noise or variability in the data and might have 

impacted our results. In our future studies, we would want to manipulate the difficulty of categories 

to see how that would affect memory and the transfers of learning to novel scenarios. 

 The stimuli for our experiment were natural stimuli and as such were difficult to control. 

It was thus difficult to manipulate the natural category membership, and thus we could not reduce 

any form of noise that membership might impose in the natural categories. Our inability to control 

what determined a natural category might have impacted how subjects learn the natural categories 

and impacted our results. Also, creating relational and featural categories from natural categories 

might have also imposed some difficulties for participants to learn the categories. In terms of future 

work, we could replicate this study by utilizing other stimuli such as artificial rocks, as we could 

manipulate the shape and color. 

It is worth noting that there was no delay testing in this study. Assessing retention after a 

delay, produces better performance for subjects who retrieved, compared to subjects that restudied. 

This is so because the delay might lead to a decrease in the retrieval strength of the restudied items 

compared to the retrieval strength of the tested items (Roediger &Karpicke, 2006; Roediger & 

Nestojko 2015). When assessed immediately after the training, subjects in the classification 

condition might not perform well as compared to subjects in the observational training condition 

as a result of a depletion in their working memory given the classification training (Chen et al, 

2018; Schmeichel,2007).  

Retrieval practice is not the same as classification, we are extending retrieval practice to 

category learning, and it is not clear to what extent this could be. It might be that retrieval practice 

and classification work in tandem, with retrieval practice playing a role in enhancing the long-term 



retention of the to-be-learned materials, and organization of knowledge (Roediger et al, 2011). 

Classification, on the other hand, helps us to organize the world and make sense of it (Hammer et 

al., 2008).  

4.2 Conclusion 

In this study, we investigated whether the principles of retrieval practice could be extended 

to category learning task. Some subjects classified the stimuli wherein they were provided 

corrective feedback after each response, whereas others studied these stimuli, with the 

corresponding category label. The posttest was made up on an endorsement task. In the 

endorsement task, a category label was displayed beneath the stimulus and the subjects were asked 

to “Press "Y" if this label is correct or press "N" if it is incorrect”.  

We found a main effect of training where subjects with observational training performed 

better compared to subjects in the classification training. We found no support that classification 

training improves the subject’s performance in repeated categories, and also in the transfer to novel 

scenarios (relative to observation training).  
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