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Abstract 

 

Historically, sorting tests have been used as a secondary or an additional measure for 

stimulus class formation. In these early studies, sorting tests were administered subsequently 

to matching-to-sample (MTS) tests for stimulus equivalence. Recently, the immediate 

emergence of equivalence classes has been documented in sorting tests in two experiments. 

Discordant findings — showing that classes documented by sorting tests immediately after 

the training of baseline relations cannot always be defined as equivalence classes — have also 

been identified. To investigate these types of discordant findings further, we reviewed 25 

articles. The reviewed articles were selected from searches in PsycINFO and by examining 

the reference lists in the already identified articles. The inclusion criterion was whether 

sorting tests were used in relation to MTS-based training or a similar procedure to establish 

conditional discrimination. Studies that met the criterion were quantified, evaluated and 

discussed along a number of dimensions related to parameters and variables in sorting 

procedures and in MTS training procedures.   

Keywords: sorting, stimulus equivalence, class formation, immediate emergence  
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Through Sidman’s analysis of stimulus equivalence (Sidman, 1971, 1994; Sidman & 

Tailby, 1982), it has been possible to investigate complex human behavior, which is 

colloquially called language, symbol use, memory and problem solving. These investigations 

are done by studying the variables that affect how categorizing emerges and those influencing 

the formation of stimulus classes. Sidman and Tailby (1982) defined the conditional relations 

between the stimuli as stimulus equivalence if the participants respond with interchangeability 

between the stimuli with respect to intact reflexivity, symmetry and transitivity relations. 

Sidman (1994) explained that reflexivity relations can be inferred when all the involved 

stimuli are demonstrated to be related to themselves. The symmetry relations are shown when 

sample-comparison interchangeability is demonstrated and transitivity relations are shown by 

demonstrating conditional relations between stimuli that have not been directly related to each 

other in training but are related to one another by the conditional relation to another stimulus. 

Stimulus equivalence can be illustrated by the following example for a person who has no 

knowledge of dogs: three arbitrary stimuli could be the sound of the word dog (A); a picture 

of a dog (B); the printed word DOG (C) and if the sound of the word dog is trained to the 

picture of a dog (A –> B) and the picture of a dog is trained to the printed word DOG (B –> 

C). We would then test whether the untrained conditional relations emerge, being the relations 

of symmetry (B–>A) and (C–>B), transitivity (A–>C) and global equivalence (C –>A), and if 

the participant also matches A to A, B to B and C to C. We would say that an equivalence 

class with three members has emerged.  

Sidman and Tailby (1982) described the MTS procedure used for training and testing 

conditional relations and stimulus equivalence with non-identical, arbitrary or symbolic 

stimuli. To describe the MTS procedures, they identified the stimuli with an alphanumeric 

code, naming the classes using a number — Class 1, Class 2 and so forth — and naming its 

members using capital letters. Class 1 with three members then consists of the members A1, 
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B1 and C1; Class 2 consists of A2, B2 and C2 and so forth. When forming three 3-member 

classes, the stimulus set of members used in training consists of all the As (i.e., A1, A2, and 

A3), all the Bs (i.e., B1, B2, and B3) and all the Cs (i.e., C1, C2 and C3). An MTS trial often 

involves the following: an observing response to the sample stimulus (i.e., the conditional 

sample stimulus) is given by the participant and is then followed by the presentation of 

comparison stimuli (i.e., the discriminative events). One of the comparison stimuli (i.e., the 

experimenter-defined stimuli) matches the sample stimuli, and the selection of this will 

produce reinforcement. Choosing a comparison that does not match the sample will not be 

reinforced. After training the conditional discrimination (i.e., the baseline relations), a test 

would normally be included testing for the emergence of new relations and whether the 

baseline relations are maintained when they are presented together with the new trials 

(Sidman, 1994).  

There are three training structures in which MTS-based training can be conducted and 

the emergent relations tested afterwards will vary based on the test used. One is the linear 

series (LS) training structure in which first all AB and then all BC relations would be trained 

for three 3-member classes. Subsequent testing determines whether the trained relations are 

maintained as well as whether the BA, CB, AC and CA relations have emerged. Another is 

the many-to-one (MTO) training structure; in this the AC and BC relations are trained. In the 

test afterwards is tested for the maintenance of baseline relations and the emergent relations 

(i.e., CA, CB, AB and BA). Last is the one-to-many (OTM) training structure in which the 

AB and AC relations are trained and subsequent baseline relations and the emergent relations 

(i.e., BA, CA, BC and CB) are tested.  

Another way in which the training and testing structure can vary is in three different 

protocols. In the simple-to-complex protocol, all baseline relations are trained, and symmetry, 

transitivity and equivalence tests are	interspersed incrementally before a mixed test that 
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includes all relations is performed. In the complex-to-simple protocol, all baseline relations 

are trained, and the equivalence relations are tested before a mixed test that includes all 

relations is conducted. In the simultaneous protocol (in which most of the equivalence 

research is done (Arntzen, 2012a)), training of all baseline relations is done before testing for 

any of the emergent relations (Imam, 2006).  

Other variables and parameters in MTS-based research procedures can vary — for 

example, the number of classes and members, the arrangement of training trials (e.g., gradual 

introduction of training trials or not, serialized or concurrent presentations of trials) and 

whether the procedure involves a simultaneous matching to sample or delayed matching to 

sample. Additionally, the stimuli used can vary, for example, between abstract, non-

figurative, nonsense syllables and pictures (Arntzen, 2012b).  

The MTS-based test has been commonly used in the field of stimulus equivalence, 

whereas sorting tasks have been applied in many areas of psychology over a long period of 

time — for example, when documenting categorization and concept formation (Ludvigson & 

Caul, 1964; Rosch & Mervis, 1977), early investigations in the field of behavioral phenomena 

often had their conclusions based upon the means of the measured behavior throughout the 

experiment (Dymond & Rehfeldt, 2001). Dymond and Rehfeldt (2001) believed that it would 

be an advantage to expand the methods used for measuring the emergence of untrained 

conditional discriminations. They argued that additional measures such as reaction time, 

verbal reports, stimulus recall, and stimulus sorting could allow for convergent validity for the 

means of measured behavior and could provide more knowledge to the variables responsible 

for derived responding. Sorting has in some studies, been used to track the formation and 

maintenance of equivalence classes, and sorting has been studied to ascertain whether the 

results of the sorting tests are reliable with respect to the emergence of equivalence classes. 

The main purposes of this article are to reveal and to discuss research in which sorting is used 
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as a measure for emergence or maintenance of equivalence classes and to reveal and discuss 

the research on sorting tests. In both cases, we will look into different parameters used in the 

sorting tests and in the related conditional discrimination training procedures, which are 

mostly MTS-based training and testing procedures. The yields of the sorting tests and 

outcome of MTS tests are discussed with respect to whether the difference in parameters used 

in training and testing can influence the function of the classes documented by sorting tests.  

Method 

 Studies in stimulus equivalence using sorting as an additional measure for class 

formation and studies in which sorting as an alternative measure for class formation were 

investigated were identified through advanced searches in PsycINFO, which were conveyed 

through the Ovid® technologies databases, which are part of the Wolters Kluwer group. The 

most recent search was done on the 29th of April 2017 using the keyword sorting tests. The 

keywords were combined with “and,” and the search was limited to humans. The identified 

articles were reviewed to determine inclusion in the present review. The reference lists of the 

identified articles were examined to find additional articles. Only articles found using this 

method were included in the review. We utilized PsycINFO for searching because it is a 

highly recognized database within psychology and the behavioral and social sciences.  

Inclusion Criteria 

The articles included were those in which either a sorting post-class formation test or a 

sorting pre-class formation test and a sorting post-class formation test together were used in 

relation to an MTS-based or a similar procedure to train and test the formation of the 

equivalence classes. Articles studying sorting tests as an alternative measure of class 

formation were also included. 

Data Display and Analysis 
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Studies that were included in the present review varied along several dimensions 

related to the participants and setting characteristics, parametric characteristics of the sorting 

test and MTS training and testing and varied in the distribution of classes and how stimuli 

were arranged. To be able to quantify and evaluate along the variation of dimensions, a matrix 

(Table 1) with parameters and findings was made. In Table 1, the articles were listed 

vertically in alphabetical order. The characteristics, parameters, and the findings on sorting 

are presented in the rows for each study under the following headlines: Authors (under which 

the authors of the article are listed), Year (the year the article is published), Journal (the 

journal in which the article is published), Number of participants/ Population details /Age in 

years (the details about the population used), Numbers of classes and members and stimuli 

used (the type of stimuli used and how the setups of stimuli classes were organized), Some 

parameters from the procedures of sorting (if available, the instruction used in the experiment 

before the sorting test, and how the sorting procedure was conducted), Some parameters from 

the procedures of training of baseline relations (the parameters from the MTS training that 

were related to the sorting test), Some parameters from the procedures of testing equivalence 

(the parameters from the MTS test that were related to the sorting test), and Quotes and 

comments about the findings and conclusions on sorting (the findings on sorting were 

presented by quotes from the articles; when no single quote was able to summarize the 

findings, the findings were presented as a comment).   

The selected articles were reviewed and quantified or summarized under the following 

headings: Procedural Variables for Both MTS and Sorting (i.e., the variables being the same 

for both type of tests are reviewed), Differences in the MTS Training (i.e., only different 

training structures are included in this review), Differences in the Sorting Procedures, Sorting 

as Post-Class Formation Tests, Sorting as Pre- and Post-Class Formation Tests, Concordant 

and Discordant Findings, Maintenance of Stimulus Classes, Delayed Emergence, Research 
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on Sorting, and Economy of Sorting Tests.	The selections of the articles summarized under a 

certain headline were made because these particular articles were interesting examples that 

illustrate the theme.	 

Results 

Using the search strategy described above, the search yielded a total of 56 published 

works. Of these, 50 articles were excluded from the analysis because sorting tests were not 

used in relation to a matching-to-sample procedure. The articles found and included were 

marked with an asterisk in the Authors column in the matrix (see Table 1). By examining the 

reference lists of the six articles, a total of 24 articles and one chapter of a book was included 

in the analysis. As seen in Table 2, we found that The Psychological Record published the 

majority (44%) of the reviewed studies; the European Journal of Behavior Analysis published 

20%; and the Journal of the Experimental Analysis of Behavior published 20%. The 

remainder of the included studies were either published by the Journal of Applied Behavior 

Analysis, American Journal on Mental Retardation, Learning Behavior or as a chapter in a 

book.  

Reliability 

 The exact same procedure to search for articles in PsycINFO was used by a second 

reader, who found the exact same six articles, resulting in an inter observer agreement (IOA) 

of 100%. 

Procedural Variables for Both MTS and Sorting  

Population characteristics. Most studies (92%) included adults, and only 2 studies 

(8%) included children (see Table 3). At the same time, the majority of the studies were 

conducted with students at different levels of education (60%). Only 8% of the studies 

included participants with mental disabilities. In 32% of the studies, the details of the 
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participants were not specified beyond stating whether the participants were children or 

adults. 

 Stimuli. When we reviewed the articles focusing on the stimuli used, we found several 

differences in the types of stimuli used between the studies. In Table 4, the types of stimuli 

used in the reviewed articles are summarized. We see that 28% of the studies were conducted 

with abstract stimuli printed in black on a white background (Arntzen, Braaten, Lian, & 

Eilifsen, 2011; Arntzen, Granmo, & Fields, 2017; Arntzen, Norbom, & Fields, 2015; Eilifsen 

& Arntzen, 2009, 2011; Fields, Arntzen, & Moksness, 2014; Mackay, Wilkinson, Farrell, & 

Serna, 2011). Additionally, 16% of the studies used abstract stimuli with meaningful stimuli 

(Arntzen, Nartey, & Fields, 2014; Fields, Arntzen, Nartey, & Eilifsen, 2012; Nartey, Arntzen, 

& Fields, 2014, 2015). The remainder of the 14 studies used stimuli that differed in several 

dimensions — for example, abstract objects (Pilgrim & Galizio, 1996), Icelandic spoken 

nouns (Sigurdarddottir, Mackay, & Green, 2012) and pictures of students (Dickins, 2011).   

Number of stimulus classes and members. In Table 5, we see the number of classes 

and numbers of members within the classes represented in the reviewed articles. In 44% of 

the articles, three 5-member classes were used. In 16% of the studies, three 3-member classes 

were used, and in 12% of the studies, two 3-member classes were used. The remainder of the 

studies used two 4-member classes, two 5-member classes, two 7-member classes, three 4-

member classes, four 3-member classes or six 3-member classes. 

Procedural Differences in the MTS Training  

 Training structure. Different procedures in the MTS training procedures were found. 

For example, an LS training structure in several studies (Arntzen et al., 2011; Arntzen et al., 

2017; Arntzen et al., 2014; Arntzen et al., 2015; Eilifsen & Arntzen, 2009, 2011; Fields et al., 

2014; Fields et al., 2012; Mackay et al., 2011; Nartey et al., 2014, 2015; Nedelcu, Fields, & 

Arntzen, 2015; Pilgrim & Galizio, 1996; Smeets, Dymond, & Barnes-Holmes, 2000) was 
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used, whereas an MTO training structure was used in three studies (Arntzen, 2004; Hove, 

2003; Varelas & Fields, 2017) and an OTM training structure was used in several studies 

(Fienup & Dixon, 2006; Green, 1990; Hove, 2003; Sigurdarddottir et al., 2012; Smeets & 

Barnes-Holmes, 2005). For other studies, training structure was not relevant or not specified 

(Cowley, Green, & Braunling-McMorrow, 1992; Dickins, 2011, 2015; Lowe, Horne, Harris, 

& Randle, 2002).  

Procedural Differences in Sorting Tests  

Conducting the sorting test. Most studies (68%) used a tabletop procedure with cards 

to conduct the sorting test (see Table 6). Other studies (20%) used a computer to conduct the 

sorting test. Three studies had different procedures — for example, asking the child to give 

Teddy the other objects (Lowe et al., 2002), using a pencil and paper procedure (Smeets et al., 

2000) or grouping objects on a table (Pilgrim & Galizio, 1996).  

Instructions. When we examined the studies in this review (see Table 7), we found 

several different instructions that were used before the sorting tasks. An instruction that 

included the words “put them into groups” was the most common instruction used by seven of 

the 25 reviewed articles (Arntzen et al., 2014; Dickins, 2011; Fields et al., 2014; Fields et al., 

2012; Nartey et al., 2014, 2015; Pilgrim & Galizio, 1996). In four studies, the participants 

were told to categorize the stimuli (Arntzen, 2004; Arntzen et al., 2011; Eilifsen & Arntzen, 

2009, 2011), and two studies used instructions to sort the cards into stacks (Green, 1990; 

Nedelcu et al., 2015). In other studies, a combination of instructions was used, for example, 

using both the words “categorize” and “into groups” (Smeets et al., 2000); “that go together” 

and “in stacks” or “piles” were also used in combination (Arntzen, 2004; Cowley et al., 

1992). The remainder of the studies used different instructions, or what was said to the 

participants prior to the sorting test was not specified in the text.  
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Organization of stimuli in sorting tests. The procedure of the sorting test was 

conducted in different ways in relation to how the participants were supposed to organize the 

stimuli. In 12 studies, the participants made clusters or groups or arranged the cards, and the 

stimuli were removed from a stack/deck of cards and placed on the table or on the computer 

screen in a way that made all the stimuli visible at the same time (Arntzen et al., 2017; 

Arntzen et al., 2014; Arntzen et al., 2015; Dickins, 2011, 2015; Fields et al., 2014; Fields et 

al., 2012; Nartey et al., 2014, 2015; Pilgrim & Galizio, 1996; Sigurdarddottir et al., 2012; 

Smeets & Barnes-Holmes, 2005; Varelas & Fields, 2017). In five studies, the participants 

placed the cards or objects into stacks or piles (Cowley et al., 1992; Fienup & Dixon, 2006; 

Green, 1990; Nedelcu et al., 2015; Smeets et al., 2000). When sorting the cards and placing 

them into stacks, that would make only the upper card in the stacks visible, but the studies did 

not clarify whether the stacks were locked or whether the participant could scroll through the 

stacks. In the following eight studies, it was not specified how the sorting was conducted in 

the sense of clusters vs. stacks (Arntzen, 2004; Arntzen et al., 2011; Eilifsen & Arntzen, 2009, 

2011; Hove, 2003; Lowe et al., 2002; Mackay et al., 2011; Sigurdarddottir et al., 2012). 

Examples of early investigation with sorting tests. Green (1990), for example, 

investigated the differences in developing equivalence in visual and auditory-visual relations. 

In one condition, Green used abstract symbols. In another condition, Green used a mix of 

abstract symbols with nonsense syllables. The participants were five young adult women with 

mild retardation. The training was conducted on paper. The sorting test was used to provide 

more information about the classes of stimuli that had emerged through the MTS training and 

testing under the two conditions. The test was conducted with cards. Green (1990) concluded 

that the results of the sorting tests were consistent with the other findings; the auditory-visual 

classes emerged more quickly and were also sorted immediately by all participants, whereas 
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the visual classes did not emerge as quickly, and only two participants managed to sort the 

stimuli correctly into the experimenter-defined classes.  

In a replication done by Smeets et al. (2000), with six symbols as experimental stimuli, it was 

found that the performance on sorting tests was related to the number of derived stimulus 

relations. Smeets et al. (2000) found that 61% of the participants who did not meet the criteria 

for stimulus equivalence nevertheless sorted the stimuli into experimenter-defined classes. 

Therefore, they concluded that the sorting test used in the experiment did not provide 

convergent validity for stimulus equivalence.  

Different procedures for sorting were found. For example, in the study on naming and 

categorization in children in Lowe et al. (2002), they discuss the use of a sorting test that they 

referred to as category match to sample. In Lowe et al., children were first taught to tact two 

arbitrary and abstractly shaped sets of wooden stimuli, and in a sorting test afterwards, they 

were tested in terms of categorizing the arbitrary stimuli. The children were asked to look at 

the sample and find the others of same type, in the following way: “Look at this. Can you give 

Teddy the others?” If the child selected all the comparison stimuli, they would get the 

following instruction: “Teddy doesn´t want all of them, only some,” and the trial would be 

repeated and the child asked to tact the stimulus prior to selecting the other stimuli.  

In the Mackay et al. (2011) study on merging and the intersection of equivalence 

classes, we found slightly different procedures for sorting. Mackay et al. (2011) used a 

sorting/matching method they called multi-selection matching-to-sample that was arranged on 

the computer in the following way: a sample stimulus was shown on the screen. When the 

participant had looked at and clicked on the stimulus, three other stimuli appeared on the 

screen. The participants were instructed to select all the stimuli that were equivalent to the 

sample stimulus and to pick as many pictures as they thought would fit.  

Sorting as Post-Class Formation Tests  
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In the early studies using sorting in combination with the MTS-based test for stimulus 

equivalence, the sorting tests are primarily used as an additional post test for class formation. 

(e.g., Arntzen, 2004; Dickins, 2011; Fienup & Dixon, 2006; Green, 1990; Hove, 2003; Lowe 

et al., 2002; Mackay et al., 2011; Pilgrim & Galizio, 1996; Sigurdarddottir et al., 2012; 

Smeets et al., 2000).  

The study of Hove (2003) is an example of a study using sorting as a post-class 

formation test. Hove investigated the probability of obtaining an equivalence class formation 

after a one-to-many (OTM) training structure and after a many-to-one (MTO) training 

structure. He conducted the experiment with 20 college students. One group underwent the 

training and testing in a MTS procedure with an MTO structure, and the other group 

underwent the training and testing in an OTM structure. Greek letters were used as stimuli, 

and the experiment was conducted on a personal computer. The sorting tests were used as 

post-experimental sorting tasks with cards. The participants “were asked to sort the nine 

cards”(Hove, 2003, p. 621). Hove found that six out of the ten participants in the OTM group 

sorted the cards according to the experimenter-defined classes. Of these six participants, four 

did not respond according to equivalence on the prior MTS-based test for emergent relations. 

Ten out of ten participants sorted the cards according to experimenter-defined classes in the 

MTO group. Of these ten participants, two did not respond according to equivalence on the 

prior MTS-based test.  

 Arntzen (2004) used sorting as a post-class formation test. The probability of stimulus 

equivalence formation was investigated when familiar pictures were used with abstract 

stimuli in an MTS procedure and in different positions in the MTO-training structure. At the 

end of the study, the participants were given printouts of the stimuli and were asked “to 

categorize the stimuli.” The experiment showed that participants who responded according to 

stimulus equivalence also categorized the printout stimuli in the three experimenter-defined 
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groups, while the participants who did not respond according to stimulus equivalence did not 

sort the stimuli according to the experimenter-defined groups.  

A sorting post-class formation test is also used in Fienup and Dixon (2006). In this 

study, they investigated a cross-modal equivalence formation between three visual-visual 

classes with three members and three visual-olfactory classes with three members. The visual 

stimuli used were pictures of patterns of, for example, rugs and sweaters that were printed on 

cards and laminated; the olfactory stimuli were kept in plastic squeeze bottles of equal size. 

The sorting test was performed last in the experiment after training and testing to merge the 

classes. The participants were given all the stimuli used in the experiment and were asked “to 

place the objects in three piles” (Fienup & Dixon, 2006, p. 92). It was found that all	

participants met the criteria for demonstrating equivalence in the sorting test, whereas only 

one participant before this test had demonstrated equivalence in the merge test. The 

experimenters explain the discrepancy as being due to delayed emergence of derived 

relations. 

Sorting as Pre- and Post-Class Formation Tests  

Other studies involved sorting tests as both a pre-class formation test to test for entry-

level skills and as an additional post-class formation test for class formation to use the 

changes from the pre-sorting to the post-sorting procedure to assess class formation (e.g., 

Arntzen et al., 2011; Arntzen et al., 2017; Arntzen et al., 2015; Cowley et al., 1992; Eilifsen 

& Arntzen, 2009, 2011; Fields et al., 2014; Fields et al., 2012).  

One example of an early study using pre-class formation sorting tests is Cowley et al. 

(1992). A pre-class formation sorting test together with naming tests to reveal the 

participants’ entry-level skills was used. Matching-to-sample procedures were used to teach 

the three adults with brain injuries name and face matching. All three participants 

demonstrated the formation of three equivalence classes, each including a therapist’s dictated 
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name, photo and written name in a matching-to-sample procedure. In the post-class formation 

sorting test, the participants were instructed to “put all the cards that go together into stacks” 

(p. 466). One participant was discharged from the institution before completing the 

experiment, and two participant grouped all stimuli correctly.  

 Fields et al. (2012) used sorting as pre-class and post-class formation tests. The study 

was conducted to investigate the effects on equivalence class formation related to three 

different conditions with ten participants in each. The training was conducted on a computer 

in the MTS format and the participants were trained to form three 5-member classes with 

concurrent training and in a linear series training structure. It was found that when all stimuli 

were abstract, none of the participants formed classes. When the C stimuli were a meaningful 

stimuli and the remainder of stimuli were abstract, eight of the ten participants formed classes 

in the emergent relations test blocks. It was also found that when the abstract C stimuli 

became an SD before class formation, in a mix of simultaneous and successive discrimination 

training, five out of ten participants formed classes. Sorting tests were used as a pre-class 

formation test prior to the training of baseline relations and showed that no participants 

spontaneously sorted the stimuli into the experimenter-defined classes. After the emergent 

relations MTS test blocks, a new sorting test was conducted as a post-class formation test. 

The sorting tests were conducted with plastic-laminated cards and included the following 

instruction: “Please put the cards into groups and call me when you have completed the task” 

(p.168). Thus far, the sorting procedures have been similar to other procedures we have 

mentioned, but Fields et al. (2012) took the analysis of the sorting results a step further by 

analyzing every single class formation cluster the participants sorted to see whether it was 

possible to identify any consistent participant-defined classes between the emergent test 

performances and the sorting tests. When Fields et al. (2012) analyzed the emergent relations 

MTS test performances trial-by-trial. It was found that “the effects of the C stimulus functions 
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on class formation were the same when measured by sorting and the derived relations test” (p. 

171). For four participants, dissociation was seen as they documented Class 1 by the card 

sorting tests but did not with the emergent relations tests. Fields et al. (2012) inferred from 

these results that “the card-sorting test may be a more sensitive measure of class formation 

than the emergent relations test. The card sort was a second measure of class formation and 

may have tracked the first stages of the delayed emergence of all three classes” (p. 173). 

Concordant and Discordant Findings  

In many experiments in recent years, the findings on the post-class formation sorting 

test are clearly concordant with the findings on the MTS-based emergence of equivalence 

classes test (e.g., Arntzen, 2004; Arntzen et al., 2014; Fields et al., 2014; Nartey et al., 2014, 

2015; Nedelcu et al., 2015; Travis, Fields, & Arntzen, 2014).  

Nartey et al. (2015), for example, found concordance between the MTS-based 

equivalence tests and the post-class formation sorting test when they replicated the study of 

Fields et al. (2012). For the results on sorting, this study found the same results as in Fields et 

al. (2012). None of the participants sorted the stimuli according to the experimenter-defined 

classes in the pre-sorting test; however, after training and testing, all participants who formed 

the experimenter-defined classes in the test for emergence also sorted the stimuli into the 

classes according to equivalence. Additionally, the participants who did not form the 

experimenter-defined classes in the test for emergence did not sort the stimuli into the classes 

according to equivalence. The authors conclude that these data show that “class-based 

behavior generalized between two trial formats; matching-to-sample trials during class 

formation, and sorting during post-class formation testing” (p. 30). 

  In other studies, more discordant results were found (e.g., Arntzen et al., 2017; 

Eilifsen & Arntzen, 2009; Fienup & Dixon, 2006; Green, 1990; Pilgrim & Galizio, 1996; 

Smeets et al., 2000). Eilifsen and Arntzen (2009) studied the trial types role in tests for 
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stimulus equivalence. The stimuli consisted of nine arbitrary, abstract and black symbols 

organized into three classes with three members. The participants were given all the pictures 

and asked to categorize them in the pre-class formation sorting test, and after the experiment, 

they were again told to categorize the stimuli. The results of the study, with respect to the 

sorting tests, were that none of the participants placed the stimuli into categories like the 

experimenter-defined classes in the pre-sorting, showing that they did not know what the 

classes were prior to the experiment. In post-categorization, 14 of the 20 participants sorted 

the stimuli corresponding to the experimenter-defined classes. Six of these 14 participants did 

not respond according to stimulus equivalence in the prior MTS test, and one participant who 

responded according to stimulus equivalence in the MTS test did not sort the stimuli 

according to the experimenter-defined classes. The authors of the article concluded that the 

“stimulus sorting did not converge well with responding to the test for stimulus equivalence” 

(p.199) and explained that this could be due to the differences between the two test types. The 

sorting test was done in a single trial. All stimuli were present simultaneously, and the 

participant could “scan back and forth between the different stimuli” (Eilifsen & Arntzen, 

2009, p. 199).  

Maintenance of Stimulus Classes 

 In several of the articles the pre-class formation sorting test showed the maintenance 

of equivalence classes (e.g.,Arntzen, 2004; Arntzen et al., 2017; Arntzen et al., 2014; Arntzen 

et al., 2015; Cowley et al., 1992; Fields et al., 2014; Fields et al., 2012; Hove, 2003; Nartey et 

al., 2014, 2015; Nedelcu et al., 2015; Smeets & Barnes-Holmes, 2005). In Eilifsen and 

Arntzen (2009) it was found that one participant did not sort the stimuli into the experimenter 

defined classes, having reached the criteria in the prior equivalence test, thereby not showing 

maintenance of stimulus classes. 

Delayed Emergence  



CLASS FORMATION MEASURED BY SORTING: A REVIEW	

	

18	

We have seen in several of the previously described examples that although the post-

class formation sorting test maintained the classes formed in the previous test in MTS format 

testing for the experimenter-defined equivalence classes, the post-class formation sorting test 

produced more intact experimenter-defined classes than the test in the MTS format did (e.g., 

Arntzen et al., 2017; Arntzen et al., 2015; Eilifsen & Arntzen, 2009; Fields et al., 2014; Fields 

et al., 2012; Fienup & Dixon, 2006; Hove, 2003; Smeets & Barnes-Holmes, 2005; Smeets et 

al., 2000).  

Research on Sorting 

In the study by Fields et al. (2014) on stimulus sorting, fifty students attempted to 

form three 5-member classes using an MTS-based training procedure in an LS training 

structure; afterwards they were tested in an MTS-based procedure. Subsequently, the 

participants were given a sorting test with cards. The participant got the instruction to put the 

cards into groups. Twenty-four of the participants showed equivalence classes of the 

experimenter-defined classes under the MTS-based test. Of the 24 participants, 23 also 

demonstrated maintenance of the experimenter-defined classes under the subsequent sorting 

performance. In addition, none of the participants who did not form the equivalence classes in 

the test for emergent relations sorted the stimuli according to the experimenter-defined 

classes. It was concluded that “on a group and a within-subject basis, sorting tests appear to 

provide a valid measure of the maintenance of equivalence classes, or lack of class formation” 

(p.494). 

A study by Arntzen et al. (2015) was conducted to determine whether a sorting test 

could be used to measure the immediate emergence of equivalence classes. Sixteen 

participants were trained in baseline relations of three 5-member classes using an LS and 

MTS format. Afterwards, the participants were tested with two MTS tests, one after the other. 

Three participants showed immediately emergence of the equivalence classes, and two 
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participants showed the emergence of classes in the second MTS test. However, two other 

participants had a long delay in the emergence of classes, and this was first shown in the 

following sorting test. The three participants with an immediate emergence of equivalence 

classes were trained in another set of stimuli, then immediately tested with the sorting test and 

afterward the two MTS tests. These participants showed immediate emergence of the 

equivalence classes by sorting the stimuli according to the experimenter-defined classes. In a 

sorting test, all emergent relations in an equivalent class are not tested. The design of the 

study included evaluation of whether the formation of the stimulus classes in the sorting test 

could be considered equivalence classes, by conducting the two MTS tests containing all the 

derived relations of baseline, symmetry, transitivity and equivalence from the classes. The 

authors concluded, “this experiment represents the first demonstration of the use of a sorting 

test to document equivalence formation” (Arntzen et al., 2015, p. 624). Additionally, in the 

first part of the experiment, a delayed emergence of the classes was measured by the sorting 

test, and the authors concluded, “it is possible that the sorting test was more sensitive to the 

delayed emergence of the classes than the traditional MTS test” (Arntzen et al., 2015, P. 624). 

In the study of Arntzen et al. (2017), the relation between the MTS tests and sorting 

tests were investigated with regard to the formation of equivalence classes. A design was 

created that could test the sensitivity of the sorting test as a measure for class formation and 

equivalence classes. Twenty college students participated and were randomly assigned to two 

groups. Both groups trained the baseline relations of three classes with five members in a 

linear series format, all with abstract stimuli, and all were presented on the computer screen. 

After the training Group 1were exposed to the sorting test first, then the MTS test, and finally 

a second sorting test. Group 2 were exposed to the MTS test first, then a sorting test, and 

finally a second MTS test. It was found that in Group 1, 50% of the participants showed 

immediate emergence of the three classes with the sorting test, and only 30% reached the 
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criteria in the subsequently MTS test for emergent relations. In Group 2, 30% of the 

participants showed immediate emergence with the MTS test, and in the subsequent sorting 

test, as many as 60% of the participants documented all the experimenter-defined classes. The 

authors of the article concluded that the findings were not completely concordant, and they 

suggested that this could be due to procedural variables.  

Economy of Sorting Tests 

In several studies, the effectiveness of the sorting test is described. For example, it is 

found that the sorting test was completed in less than 5 minutes on average, whereas the MTS 

test only required approximately 25 -30 minutes to administer (e.g., Arntzen et al., 2015; 

Fields et al., 2014; Fields et al., 2012). 

Discussion 

Both concordant and discordant findings on the sorting tests ability to measure the 

MTS test corresponding equivalence classes were found in this review.  

In considering the use of sorting tests as post-class formation tests for an additional 

measurement of class formation, we observed in the early studies of equivalence that there is 

little doubt that the sorting test can show the maintenance of stimuli classes. We have also 

seen in the review that the sorting test often showed what has been called a delayed 

emergence of stimuli classes. Additionally, in some of the studies where the experimenter-

defined classes were first shown in the post class formation sorting test after the MTS-based 

test, the question was raised: if the sorting test is a more sensitive test to the delayed 

emergence of stimuli classes.  

 Some of the latest research has shown that sorting can measure the immediate 

emergence of equivalence classes. Additionally, a sorting test that is in accordance with 

experimenter-defined classes definitely documents the emergence of arbitrary stimulus 

classes. However, the sorting test does not necessarily document the derived relations of 
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symmetry, transitivity and equivalence. To clarify whether the sorting tests documented 

emergent relations, an MTS test was conducted after the sorting test by Arntzen et al. (2015). 

They found in three out of three participants that sorting tests could most likely document the 

immediate emergence of equivalence classes. On the other hand, research also revealed — 

through the MTS-based test for emergent relations after the sorting test — that the classes 

could not be defined as equivalence classes for all participants (Arntzen et al., 2017). For 

other participants, the MTS-based tests after the sorting tests showed equivalence classes, and 

these classes could well have had the same functions in the sorting test as in the MTS test 

(Arntzen et al., 2017). The discordant results of the research opened up the additional 

question about the function of the classes documented by MTS tests and sorting tests; if they 

can be assumed to have the same functions. To address this question further, Arntzen et al. 

(2015) proposed investigating the functions of stimulus classes documented by sorting tests to 

reveal whether the classes have some of the properties of the equivalence classes. For 

example, when a stimulus class is documented by sorting to investigate whether a new 

response trained to one member of the stimulus class, would generalize to the remainder of 

members of the stimulus class, as is shown for equivalence classes in other experiments (e.g., 

Arntzen, Eilertsen, & Fagerstrøm, 2016; Augustson & Dougher, 1997; Augustson, Dougher, 

& Markham, 2000; Fields & Garruto, 2009). Additionally, Arntzen et al. (2017) proposed to 

investigating whether a higher correspondence between the sorting yields and MTS outcomes 

could be found by extending the baseline training. 

Differences in Variables and Parameters  

 We found in the review that the participants assigned to the different studies varied in 

age from two to 62 years and from having mental disability to university students. Arntzen 

(2012b) stated about the participants age that it seems to be a difference in effects on different 

training structures in MTS. If age yields a difference in results on sorting tests we do not 
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know. But, in the latest research on sorting (Arntzen et al., 2017; Arntzen et al., 2015; Fields 

et al., 2014) recruited adult participants, mostly college students. Thus, it is not plausible that 

the age of the participants can describe the discordant findings between those studies.  

It is reasonable to surmise that the differences in the procedural variables that we 

found in sorting procedures — for example, with regard to the differences in the type of 

stimuli used, the presentation of the stimuli, the differences in the instructions used before 

sorting and how the participants are supposed to organize the stimuli during the sorting test — 

can influence the yields on the sorting tests. Regarding the different types of stimuli used (see 

Table 4), it was used abstract stimuli of the same type in the latest studies on sorting (Arntzen 

et al., 2017; Arntzen et al., 2015; Fields et al., 2014) thereby discordant findings in those 

studies is not to be found in the variation of stimuli. In other studies stimuli with appearances 

such as a spoken word, a written name and a picture are undoubtedly arbitrary and non-

identical, but it could theoretically be argued that stimuli like Greek letters or other abstract 

shapes drawn in black on a white background have some features that is close to identical. It 

could be argued that it is always possible to find identical parts in the lines and shapes, even if 

they are tiny parts. If participants look for or observe identical parts in the stimuli when 

forming stimulus classes and the possible influence on the outcome of the MTS test and the 

yields of the sorting test, it would be possible to test empirically by using compound stimuli 

with identical parts.   

Regarding how participants are supposed to organize the stimuli during the sorting 

test, we need to consider that in a sorting test conducted with a randomly shuffled deck of 

cards, the probes that are evaluated will be randomly chosen from participant to participant. 

Additionally, in a sorting test, fewer probes are involved than in an MTS-based test for 

emergent relations. An MTS-based test for emergent relations assess and give a defined 

number of probes for all the emergent relations of symmetry, transitivity and equivalence 
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relations. Sidman (1994) described that a class of N stimuli contains N2 relations of two 

stimuli. Of these is N2 – 2N – 1 emergent relations (Fields & Verhave, 1987). However, in a 

class of N stimuli, a sorting test can document N - 1 relations of the relations of the 

equivalence class. As we have seen, the sorting tests have been conducted in different ways. 

In some studies, the participants were told to put the cards in stacks, and in others, they were 

told to form clusters or arrays. When forming clusters, the participants are able to scan all 

cards simultaneously, whereas when the participant is sorting the cards into stacks, and if the 

stacks are locked after a card is placed, the participant would initially only be able to see the 

upper card in the deck of cards, after which the participant would place this upper card on the 

table as the top card of the stimuli from a class. Thereafter, with the next card from the deck 

of cards, the participant would either match the card with the top card of a stack already 

placed on the table or make a new stack; this would continue until the deck of cards is empty. 

Thus, sorting each of the cards into stacks is controlled by only one stimulus from each class. 

Theoretically, the last procedure provides a stronger assessment of class formation (Arntzen 

et al., 2017). In the reviewed articles stating that the sorting was done in stacks, none 

specified whether the stacks were locked. However, using the locked stack procedure with 

cards or other tangible items, it would be more challenging to lock the stacks than if the same 

procedure is perform on a computer screen. Therefore, performing a sorting task on a 

computer screen with locked stacks would theoretically provide an even stronger assessment 

of class formation. This theory will have to be tested empirically to reveal its validity. 

 The numbers of classes used in the studies varied from two to six and the numbers of 

members in the classes varied from three to seven. The most common number of classes and 

members was three 3-member classes used by 44% of the studies. About the effects on MTS 

tests Arntzen (2012b) stated that “it is not clear how an increasing number of members and/or 

number of classes influences the emergence of equivalence classes depending on training 
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structure” (p.125). How different numbers of classes and numbers of members influence the 

soring test is not clear either. But, keeping this variable steady by using the same numbers of 

classes and members between the studies is a possibility to control for potential different 

effects. The latest studies on sorting all used three 5-member classes. 

We found that many different instructions were given before the sorting test (see Table 

7). Instructions on how to conduct the sorting task appears to be a necessity, but just as 

(Sidman, 1992) issued a warning about instructions used for MTS procedures — because we 

do not know whether it is rules “that give rise to equivalence, or equivalence that makes rules 

possible” — the same reasoning can be used for the sorting procedures. If we want to ensure 

that we are measuring the experimental effects and not the participant’s verbal history, we 

should minimize the use of instructions. One possible way to conduct an experiment that 

involves minimal verbal instructions for both the sorting and the MTS procedure could be to 

show the participant a video of similar procedures but with other stimuli. For the sorting test, 

the video should be filmed from an angle that does not show the whole computer screen — so 

the participant cannot figure out how many stacks of cards are on the screen — and play parts 

of the video quickly so the participant cannot figure out how many cards are moved from the 

deck of cards. Whether this procedure would affect the outcomes for the MTS tests and yields 

for the sorting tests can be tested empirically.  

We found that it was used the linear series training structure in 14 out of 25 articles. 

The different training structures (MTO vs. OTM) were shown by Hove (2003) to give 

different outcomes for both the outcome of the MTS-based test of emergent relations and the 

yields of the post-class formation sorting test. Hove found that MTO yielded a higher 

outcome in the MTS-based test for emergent relations compared to OTM, and MTO also had 

the highest yields in the post-sorting test. The same results for MTO as the training structure 

before the MTS-based test was found by Saunders, Chaney, and Marquis (2005), whereas 
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Arntzen, Grondahl, and Eilifsen (2010), did not find that MTO was superior to OTM. 

Therefore, more research is needed on the training structures of MTO and OTM to clarify the 

issue of the outcome on MTS tests and sorting tests.  

Other differences in the MTS training procedures were seen (see Table 1) for example 

in the training protocol. Different procedures in the training protocol is known to influence 

the outcomes on MTS-based tests (Arntzen, 2012b). Additionally, in the arrangement of the 

training trials, number of nodes, and test trials, we observed differences. These differences in 

procedures might influence the yields of the post-class formation sorting tests the as well as 

the outcome of the MTS test. These variables were not further reviewed. To uncover and 

determine whether any of these differences in the parameters are responsible for the 

discordant results between the MTS tests and the sorting test, an extended review should be 

completed.  

We found in the three studies on sorting that it was used some of the same variables 

and parameters for example considered participants, stimuli, training structure and number of 

classes and members. However, there was a difference in the conduction of stimuli sorting 

and in the arrangement of training trials in the prior MTS training. Two studies used a 

tabletop procedure with cards and one a computer screen procedure and two studies used a 

concurrently presentation of training trail one a serialized. If this differences in procedure was 

the reason for discordant findings between the studies is unknown, and we suggest further 

investigation to reveal if and how the different variables and parameters in both the prior 

MTS training and in sorting tests influence the results on the sorting tests. 

Limitations 

 A limitation in the present review is that we only conducted searches in PsycINFO; it 

is possible that supplementary searches in other databases would have yielded more articles. 
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Further Research 

At present it seems most important, to clarify the differences in the functions between 

the classes documented with MTS-based tests for emergent relations and those documented 

with sorting tests. One function that could be investigated is whether a new response trained 

to one member of a stimulus class that is documented by a sorting test would be generalized 

to the remainder of the members of that stimulus class, as is shown for equivalence classes.  

It also appears important to clarify through research whether it is possible to achieve a 

higher correspondence between the two test types by changes in procedures — for example, 

by extending the baseline training or by using stacking with locked stacks as a computer 

screen procedure instead of a grouping procedure on a table.  

Conclusion 

 Being able to measure class formation and the emergent relations with the sorting test 

only would clearly be beneficial in relation to time saving, compared to the more time 

consuming MTS-based test on emergent relations. In the review, we have studied different 

procedures used when conducting a sorting test. We have focused on some of the variables 

and parameters used in the sorting procedures and in the MTS-based training procedure.  

We have seen that immediate emergence of equivalence classes has been documented 

in the sorting tests in two experiments and some studies support the understanding that 

equivalence class formation can be documented with sorting tests. We found that sorting tests 

appear to track more classes than the MTS-based equivalence test and that this was described 

as either delayed emergence or the sorting test being a more sensitive measurement of class 

formation. In some of the latest research papers, we also found that not all classes 

documented by sorting tests can be defined as being functionally the same as the classes 

documented by the MTS tests for emergent relations. To empirically reveal how these 

functionally different classes differ is essential. 
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S
im

u
lt
a
n
e
o
u
s
	p
ro
to
c
o
l.
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

B
a
s
e
li
n
e
	r
e
la
ti
o
n
s
	e
s
ta
b
li
s
h
e
d
	s
e
ri
a
ll
y
	i
n
	i
n
d
iv
id
u
a
l	

b
lo
c
k
s
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

O
n
e
	s
a
m
p
le
,	
th
re
e
	c
o
m
p
a
ri
s
o
n
	s
ti
m
u
li
	i
n
	e
a
c
h
	t
ri
a
l.
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

E
a
c
h
	b
lo
c
k
	r
e
p
e
a
te
d
	u
n
ti
l	
1
0
0
%
	a
c
c
u
ra
c
y
.	
		
		
		
		
		
		
		
		
	

M
a
in
te
n
a
n
c
e
	o
f	
b
a
s
e
li
n
e
	r
e
la
ti
o
n
s
:	
F
a
d
in
g
	t
h
e
	

p
ro
g
ra
m
m
e
d
	f
e
e
d
b
a
c
k
	l
ik
e
	7
5
%
,	
2
5
%
,	
0
%
	.
		
		
		
		
		
		
		
		
		

m
a
s
te
ry
	c
ri
te
ri
o
n
	9
4
	%
	o
f	
tr
ia
ls
	-
	i
f	
fa
il
e
d
	t
o
	m

e
e
t	

c
ri
te
ri
o
n
	t
h
e
	b
lo
c
k
	w
o
u
ld
	b
e
	r
e
p
e
a
te
d
	u
p
	t
o
	f
iv
e
	

ti
m
e
s
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

C
o
n
d
u
c
te
d
	o
n
	a
	c
o
m
p
u
te
r.
		
		
		
		
		
		
		
		
		
		
		
		
		
	

S
e
ri
e
s
	o
f	
s
ix
	2
0
-t
ri
a
l	
b
lo
c
k
s
.	
		
		
		
		
		
		
		
		
		
	

(f
o
u
r	
b
a
s
e
li
n
e
,	
1
6
	d
e
ri
v
e
d
	

re
la
ti
o
n
s
)	
p
re
s
e
n
te
d
	i
n
	

ra
n
d
o
m
iz
e
d
	s
e
q
u
e
n
c
e
s
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

N
o
	f
e
e
d
b
a
c
k
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

M
a
s
te
ry
	c
ri
te
ri
o
n
	t
o
	d
e
fi
n
e
	c
la
s
s
	

fo
rm

a
ti
o
n
	w
a
s
	9
0
%
.

T
h
re
e
	o
f	
s
ix
	p
a
rt
ic
ip
a
n
ts
	w
h
o
	d
id
	t
h
e
	

s
o
rt
in
g
	t
e
s
t	
s
h
o
w
e
d
	m

a
it
e
n
a
n
c
e
	o
f	

e
x
p
e
ri
m
e
n
te
r-
d
e
fi
n
e
d
	c
la
s
s
e
s
	a
n
d
	

s
h
o
w
e
d
	m

e
rg
in
g
	o
f	
s
ti
m
u
li
	t
ra
in
e
d
	t
o
	

C
	s
ti
m
u
lu
s
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

O
n
e
	o
f	
th
e
	s
ix
	p
a
rt
ic
ip
a
n
ts
	d
id
	n
o
t	

s
h
o
w
	c
la
s
s
	f
o
rm

a
ti
o
n
	i
n
	t
h
e
	t
e
s
t	
fo
r	

e
m
e
rg
e
n
t	
re
la
ti
o
n
s
	-
	a
n
d
	d
id
	n
o
t	
s
o
rt
	

in
	a
c
c
o
rd
	w
it
h
	e
x
p
e
ri
m
e
n
te
r-
d
e
fi
n
e
d
	

c
la
s
s
e
s
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

T
w
o
	p
a
rt
ic
ip
a
n
ts
	d
id
	n
o
t	
s
h
o
w
	f
u
ll
	

m
e
rg
e
	o
f	
th
e
	s
ti
m
u
li
	i
n
to
	o
n
e
	c
la
s
s
	i
n
	

th
e
	s
o
rt
in
g
	t
e
s
t.
	

2
1

P
il
g
ri
m
	a
n
d
	

G
a
li
z
io

1
9
9
6

C
b

4
7
	/
	C
o
ll
e
g
e
	

s
tu
d
e
n
ts
	/
		
?
		
		
/
	

T
w
o
	c
la
s
s
e
s
	w
it
h
		
fo
u
r	
m
e
m
b
e
rs
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

8
	A
b
s
tr
a
c
t	
3
-d
im

e
n
s
io
n
a
l	
o
b
je
c
ts

O
n
e
	e
x
p
e
ri
m
e
n
ta
l	
g
ro
u
p
	a
n
d
	t
h
e
	c
o
n
tr
o
l	

g
ro
u
p
	s
o
rt
e
d
	a
ll
	s
ti
m
u
li
,	
A
n
o
th
e
r	

e
x
p
e
ri
m
e
n
ta
l	
g
ro
u
p
	s
o
rt
e
d
	o
n
ll
y
	6
	o
f	
th
e
	

s
ti
m
u
li
	(
B
,	
C
,	
D
).
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

In
s
tr
u
c
ti
o
n
s
:	
"
P
le
a
s
e
	p
la
c
e
	t
h
e
s
e
	o
b
je
c
ts
	

in
to
	g
ro
u
p
s
	w
h
a
te
v
e
r	
g
ro
u
p
s
	y
o
u
	t
h
in
k
	

a
re
	m

o
s
t	
a
p
p
ro
p
ri
a
te
"
	(
p
.1
8
8
)

T
w
o
	e
x
p
e
ri
m
e
n
ta
l	
g
ro
u
p
s
	+
	o
n
e
	c
o
n
tr
o
l	
g
ro
u
p
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

T
h
e
	e
x
p
e
ri
m
e
n
ta
l	
g
ro
u
p
s
	g
iv
e
n
	t
h
e
	s
a
m
e
	t
ra
in
in
g
	

c
o
n
tr
o
l	
g
ro
u
p
	n
o
	t
ra
in
in
g
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

3
	t
w
o
-c
h
o
ic
e
	c
o
n
d
it
io
n
a
l	
d
is
c
ri
m
in
a
ti
o
n
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

(A
B
,	
B
C
,	
a
n
d
	A
D
)	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

M
a
s
te
ry
	c
ri
te
ri
o
n
	1
4
	o
f	
1
6
	t
ri
a
ls
	c
o
rr
e
c
t	
fo
r	
tw

o
	

c
o
n
s
e
c
u
ti
v
e
	b
lo
c
k
s
.	

S
o
rt
in
g
	t
e
s
t.
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

N
o
	o
th
e
r	
p
ro
b
e
s
	g
iv
e
n
.

"
N
in
e
	o
f	
th
e
	1
6
	s
u
b
je
c
ts
	i
n
	e
a
c
h
	

e
x
p
e
ri
m
e
n
ta
l	
c
o
n
d
it
o
n
	s
o
rt
e
d
	s
ti
m
u
li
	

in
to
	g
ro
u
p
in
g
s
	c
o
n
s
is
te
n
t	
w
it
h
	t
h
e
	

e
q
u
iv
a
le
n
c
e
	c
la
s
s
e
s
	t
h
a
t	
w
o
u
ld
	b
e
	

p
re
d
ic
te
d
"
	"
n
o
n
e
	o
f	
th
e
	1
5
	c
o
n
tr
o
l	

s
u
b
je
c
ts
	s
o
rt
e
d
	s
ti
m
u
li
	i
n
to
	c
la
s
s
-

c
o
n
s
is
te
n
t	
g
ro
u
p
in
g
s
"
		
S
ig
n
if
ic
a
n
t	

d
if
fe
re
n
c
e
s
	b
e
tw

e
e
n
	e
x
p
e
ri
m
e
n
ta
l	

a
n
d
	c
o
n
tr
o
l	
c
o
n
d
it
io
n
s
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

"
S
o
rt
in
g
	m

ig
h
t	
p
ro
v
e
	a
	u
s
e
fu
l	

a
lt
e
rn
a
ti
v
e
	t
o
	c
o
n
s
id
e
r	
w
h
e
n
	

q
u
e
s
ti
o
n
s
	a
ri
s
e
	c
o
n
c
e
rn
in
g
	a
n
	a
c
ti
v
e
	

o
r	
in
s
tr
u
c
ti
v
e
	r
o
le
	f
o
r	
p
ro
b
e
	t
ri
a
ls
	i
n
	

th
e
	e
m
e
rg
e
n
c
e
	o
f	
e
q
u
iv
a
le
n
c
e
	

re
la
ti
o
n
s
.(
p
.	
1
8
8
)

2
2

S
ig
u
rd
a
rd
o
tt

ir
,	
M
a
c
k
a
y
,	

a
n
d
	G
re
e
n

2
0
1
2

JE
A
B

4
	/
	T
y
p
ic
a
l	
a
d
u
lt
s
	/
	

2
6
-5
4
	

S
ix
	a
u
d
it
o
ry
-v
is
u
a
l	
c
la
s
s
e
s
	w
it
h
	t
h
re
e
	

m
e
m
b
e
rs
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

E
a
c
h
	c
o
n
s
is
ti
n
g
	o
f	
	a
	s
in
g
u
la
r	
Ic
e
la
n
d
ic
	

s
p
o
k
e
n
	n
o
u
n
,	
a
	c
o
rr
e
s
p
o
n
d
in
g
	p
ri
n
te
d
	

w
o
rd
	a
n
d
	a
	c
o
rr
e
s
p
o
n
d
in
g
	p
ic
tu
re
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

In
	s
e
c
o
n
d
	e
x
p
e
ri
m
e
n
t:
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

S
ti
m
u
li
	i
s
	e
x
te
n
d
e
d
	w
it
h
	s
ix
		
a
u
d
it
o
ry
-

v
is
u
a
l	
c
la
s
s
e
s
	w
it
h
	t
h
re
e
	m

e
m
b
e
rs
.	
E
a
c
h
	

c
o
n
ta
in
in
g
	t
h
e
	s
a
m
e
	w
o
rd
s
	a
s
	i
n
	t
h
e
	f
ir
s
t	

e
x
p
e
ri
m
e
n
t	
b
u
t	
n
o
w
		
in
	p
lu
ra
l.
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

P
lu
s
s
	t
w
o
	c
o
n
te
x
tu
a
l	
s
ti
m
u
li
,	
Ic
e
la
n
d
ic
	

w
o
rd
s
	f
o
r	
"
n
u
m
b
e
r"
	a
n
d
	"
g
e
n
d
e
r"
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

S
o
rt
in
g
	c
o
n
d
u
c
te
d
	a
s
	a
	t
a
b
le
to
p
	s
o
rt
in
g
	

ta
s
k
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

S
o
rt
in
g
	u
s
e
d
	i
n
	S
e
c
o
n
d
	e
x
p
e
ri
m
e
n
t	
to
	

d
e
m
o
n
s
tr
a
te
	c
o
n
te
x
tu
a
l	
c
o
n
tr
o
l.
		
		
		
		
		
		
		
		
		
		

In
s
tr
u
c
ti
o
n
s
	t
o
	p
a
rt
ic
ip
a
n
ts
:	
"
A
a
rr
a
n
g
e
	

th
e
	c
a
rd
s
	i
n
	y
o
u
r	
h
a
n
d
	i
n
	a
n
y
	w
a
y
	y
o
u
	

w
a
n
t	
d
e
p
e
n
d
in
g
	o
n
	w
ic
h
	c
a
rd
s
	y
o
u
	t
h
in
k
	

g
o
	t
o
g
e
th
e
r	
w
h
e
n
	y
o
u
	h
a
v
e
	t
h
is
	c
a
rd
	

(p
o
in
ti
n
g
	a
t	
th
e
	c
o
n
te
x
tu
a
l	
s
it
m
u
lu
s
)	
in
	

fr
o
n
t	
o
f	
y
o
u
"
	(
p
.	
1
6
)	
		
		
		
		
		
		
		
		
		
		
		
		
		
	

T
ra
in
in
g
	c
o
n
d
u
c
te
d
	o
n
	a
	c
o
m
p
u
te
r.
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

In
	f
ir
s
t	
e
x
p
e
ri
m
e
n
t:
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

F
ir
s
t	
id
e
n
ti
ty
	m

a
tc
h
in
g
	t
e
s
t.
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

T
h
e
n
,	
s
p
o
k
e
n
	w
o
rd
-p
ri
n
te
d
	w
o
rd
	(
A
B
)	
c
o
n
d
it
io
n
a
l	

re
la
ti
o
n
	t
ra
in
d
.	
A
t	
la
s
t	
th
e
	w
o
rd
-p
ic
tu
re
		

c
o
n
d
it
io
n
a
l	
re
la
ti
o
n
	w
e
re
	t
ra
in
e
d
	(
A
C
).
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

M
T
S
	b
a
s
e
d
	t
ra
in
in
g
	a
t	
m
in
.	
2
1
6
	t
ri
a
ls
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

A
	r
e
s
p
o
n
s
e
	t
o
	s
a
m
p
le
	n
e
e
d
e
d
,	
fo
r	
c
o
m
p
a
ri
s
o
n
s
	t
o
	

a
p
p
e
a
r.
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

A
B
	a
n
d
	A
C
	t
ra
in
in
g
	e
a
c
h
	h
a
d
	3
6
	t
ri
a
ls
.	
		
		
		
		
		
		
		
		
		
		
		
		
	

P
ro
g
ra
m
m
e
d
	c
o
n
s
e
q
u
e
n
c
e
s
	a
s
	a
	j
in
g
le
	a
n
d
	f
la
s
h
in
g
	

li
g
h
t	
fo
r	
c
o
rr
e
c
t	
re
s
p
o
n
s
e
s
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

T
ra
in
in
g
	f
o
r	
m
a
in
te
n
a
n
c
e
.	
B
lo
c
k
	w
it
h
	5
0
%
	

p
ro
g
ra
m
m
e
d
	c
o
n
s
e
q
u
e
n
c
e
s
	a
n
d
	i
f	
c
o
rr
e
c
t	

re
s
p
o
n
s
e
s
	m

a
in
ta
in
e
d
	0
%
	p
ro
g
ra
m
m
e
d
	

c
o
n
s
e
q
u
e
n
c
e
s
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

In
	s
e
c
o
n
d
	e
x
p
e
ri
m
e
n
t:
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

T
ra
in
in
g
	f
o
r	
c
o
n
te
x
tu
a
ll
y
	c
o
n
tr
o
ll
e
d
	c
o
n
d
it
io
n
a
l	

re
la
ti
o
n
s
.	
In
	t
h
e
	p
re
s
e
n
s
	o
f	
th
e
	I
c
e
la
n
d
ic
	w
o
rd
	f
o
r	

"
n
u
m
b
e
r"
	a
n
d
	"
g
e
n
d
e
r.
"
		
In
	a
	t
w
o
-c
h
o
ic
e
	M

T
S
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

T
e
s
ti
n
g
	c
o
n
d
u
c
te
d
	o
n
	a
	c
o
m
p
u
te
r	
		
		
		
		
		
		

In
	f
ir
s
t	
e
x
p
e
ri
m
e
t:
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		

T
e
s
te
d
	t
h
e
	B
C
	a
n
d
	C
B
	r
e
la
ti
n
s
.	
		
		
		
		
		
		
		
		
		
		
		
		

N
o
	p
ro
g
ra
m
m
e
d
	c
o
n
s
e
q
u
e
n
c
e
s
.	
		
		
		
		
		
		
		
		
	

M
a
s
te
ry
	c
ri
te
ri
o
n
	w
a
s
	3
5
/
3
6
	t
ri
a
ls
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

If
	c
ri
te
ri
o
n
	w
a
s
	n
o
t	
m
e
t,
	t
ra
in
in
g
	

a
n
d
	t
e
s
ti
n
g
	w
a
s
	r
e
p
e
a
te
d
.	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	

"
C
o
n
te
x
tu
a
ll
y
	c
o
n
tr
o
ll
e
d
	

c
la
s
s
if
ic
a
ti
o
n
	w
a
s
		
a
ls
o
	d
e
m
o
n
s
tr
a
te
d
	

b
y
	a
ll
	p
a
rt
ic
ip
a
n
ts
	o
n
	a
	s
o
rt
in
g
	t
e
s
t,
	

th
o
u
g
h
	s
o
m
e
	p
a
rt
ic
ip
a
n
ts
	r
e
q
u
ir
e
d
	

re
v
ie
w
s
	o
f	
th
e
	c
o
n
te
x
tu
a
l	
c
o
n
tr
o
l	

tr
a
in
in
g
	a
n
d
	r
e
te
s
ti
n
g
	b
e
fo
re
	t
h
e
y
	

p
ro
d
u
c
e
d
	t
h
a
t	
o
u
tc
o
m
e
"
	(
p
.	
2
2
)
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N
ot

e.
 In

 th
e 

m
at

rix
 is

 u
se

d 
th

e 
fo

llo
w

in
g 

ab
br

ev
ia

tio
ns

: T
PR

=T
he

 P
sy

ch
ol

og
ic

al
 R

ec
or

d,
 JA

B
A

=J
ou

rn
al

 o
f A

pp
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Table	2	
	
Journals	Publishing	Studies		

	 ______________________________________________________________________________________	
	
	 	 Journal											 	 																						Number			 									Percentage		
	 	 	 	 	 	 								of	studies																								of	sample	
	 ______________________________________________________________________________________	
	 The	Psychological	Record	 	 	 11																											 44%	
	 European	Journal	of	Behavior		

Analysis	 	 	 	 5	 	 	 20%	
	 Journal	of	the	Experimental	
	 	 Analysis	of	Behavior	 	 	 5	 	 	 20%	
	 Journal	of	Applied	Behavior	
	 	 Analysis	 	 	 	 1	 	 	 	4%	

American	Journal	on	Mental	
	 	 Retardation	 	 	 	 1	 	 	 	4%	
	 Learning	and	Behavior	 	 	 1	 	 	 	4%	
	
	 (Chapter	in	book	 	 	 	 1	 	 	 	4%)	
	 _______________________________________________________________________________________	
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Table	3	
	
Population	Characteristics	
	
		
Characteristics																							 	 	 	 Number						 	 	 Percentage	
	 	 	 	 	 	 	 of	studies	 	 	 		of	sample	
	
	
Age:	
	
Children	(Age:	2–5)	 	 	 	 	 					2	 	 	 	 							8%	
	
Adult	age	(Age:	18-62)	 	 	 	 			23	 	 	 	 					92%	
	
Other	population	details:	
	
With	disability	 	 	 	 	 					2	 	 	 	 							8%	
	
Undergraduate,	college	or	
university	students	 	 	 	 	 			15	 	 	 	 					60%	
	
Not	specified	 		 	 	 	 	 					8	 	 	 	 					32%	
	 	 	 	 	
	
_____________________________________________________________________________________________________	
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Table	4	
	
Stimuli	Used	in	the	Studies	
	

	
Type	of	stimuli	 	 	 								Number		 	 	 Percentage	

	 	 	 	 	 	 						of	studies																										 		of	sample					
_____________________________________________________________________________________________________	
	
Abstract	stimuli	black	on		
white	background	 	 	 	 	 7	 	 	 					28%	
	
Abstract	stimuli	black	on	
white	background	+	meaningful	stimuli	 	 4	 	 	 					16%	
	
Greek	and	Arabic	letters		
pictures	and	nonsense	syllables	 	 	 1	 	 	 						4%	
	
Dictated	names,	photos	of	faces,	
Written	names,	photos	of	nameplates	 	 1	 	 	 						4%	
	
Pictures	of	students	 	 	 	 	 1	 	 						 						4%	
	
Phonologically	correct	non-words		
as	printed	and	spoken	 	 	 	 1		 	 	 						4%	
	
Pictures	of	patterns	+	olfactory	stimuli.	 	 1	 				 	 						4%	
	
Abstract	stimuli	black	on	white		
background	+	spoken	nonsense	syllables	 	 1	 	 	 						4%	
	
Greek	letters	in	black	on		
white	background	 	 	 	 	 1	 	 	 						4%	
	
Abstract	objects,	every	days	objects,	
nonsense	syllables	 	 	 	 	 1	 	 	 						4%	
	
Abstract	nonsense	syllables	+	
familiar	picture	 	 	 	 	 1	 	 	 						4%	
	
Abstract	objects	 	 	 	 	 1				 	 	 						4%	
	
Icelandic	spoken	noun,	printed	word	
And	picture	 	 	 	 	 	 1	 	 	 						4%	
	
Symbols	(math	and	special	characters)	 	 1	 	 	 						4%	
	
Three	stages	of	prenatal	development		 	 1	 	 	 						4%	
	
Abstract	forms+	auditory	stimuli	 	 	 1	 	 	 						4%	
_____________________________________________________________________________________________________	
	 Note.	Stimuli	used	in	pre-experimental	training	is	not	included	
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Table	5	
	
Number	of	Classes	and	Members	in	Classes	
	
Number		 	 Number				 	 	 Number		 	 Percentage	
of	classes	 	 of	members	 	 	 of	studies	 	 of	sample	
	 2	 	 	 					3	 	 	 	 					3	 	 	 					12%	
	 2	 	 	 					4	 	 	 	 					1	 	 	 							4%	
	 2	 	 	 					5	 	 	 	 					1	 	 	 							4%	
	 2	 	 	 					7	 	 	 	 					1											 	 							4%	
	
	 3	 	 	 					3	 	 	 	 					4	 	 	 					16%	
	 3	 	 	 					4	 	 	 	 					1*	 	 	 								4%	
	 3	 	 	 					5	 	 	 	 			11	 	 	 					44%	
	
	 4	 	 	 					3	 	 	 	 					2	 	 	 								8%	
	
	 6	 	 	 					3	 	 	 	 					1	 	 	 								4%	
	 Note:	The	symbol	*	marks	that	in	one	article	(Dickins,	2015)	it	was	used	different	
number	of	classes	and	members	in	three	experiments.	We	have	only	included	
numbers	of	classes	and	members	from	the	third	experiment,	because	this	is	the	
experiment	and	the	results	referred	to	in	this	article.	
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Table	6	
	
Variables	in	Procedures	for	Performing	Sorting	Tests	
	
	 	
Sorting	conducted:	 	 	 	 	 Number				 	 Percentage	
	 	 	 	 	 	 												of	studies	 	 	of	sample	 	
_____________________________________________________________________________________________________
On	top	of	a	table	with	cards		 	 	 			17	 	 	 					68%	
		
On	a	computer	screen	with	cards	 	 	 					5	 	 	 					20%	
	
Giving	objects	to	a	teddy	bear	 	 	 					1	 	 	 							4%	
	
Grouping	objects	on	a	table		 	 	 					1	 	 	 							4%	
	
Using	pencil	and	paper		 	 	 	 					1	 	 	 							4%	
_____________________________________________________________________________________________________	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



CLASS	FORMATION	MEASURED	BY	SORTING:	A	REVIEW	 46	

	
Table	7	

	
Instructions	Used	Before	the	Sorting	Test	
Instructions	 	 	 	 	 					Number	 	 						Percentage	

	 	 	 	 	 	 	 				of	studies	 				 								of	sample	
	 	 	

Put them (stimuli) into groups   7      28% 
(4, 7, 11, 12, 18. 19, 21) 
 
Categorize the stimuli  (1, 2, 9, 10)   4      16% 

  
Sort the cards into stacks (14, 20)   2        8% 
 
Put all the cards/pictures that go  
together in stacks (6)     1        4% 

  
Place the objects in three piles (13)   1        4% 
 
Put these into groups as you feel like.   
(And “participants were informed that the top  
card had to be moved to a different  
location on the screen that was close to  
other related stimuli so that they  
formed a cluster that was separated from  
other clusters that contained stimuli from  
different sets.”) (5)     1       4% 
 
Put them together in the way that  
you think is correct, but make  
sure that all stimuli are visible. (3)   1       4% 
 
Put them into some kind of order (8)   1         4% 
 
Sort the cards (15)     1        4% 
 
Look at this. Can you give teddy the  
others? (As a category match to sample) (16)  1       4% 
 
Make piles of pictures that go together (23)  1        4% 
 
Categorize into groups (24)    1        4% 
 
Sort them into groups on your desk.  
Organize the cards however you  
believe the information on them goes  
together. (25)      1       4% 
 
Not specified (17, 22)     2        8% 

___________________________________________________________________________ 
 
Note. Numbers in parenthesis refers to numbers on reviewed articles in Table 1 
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Abstract 

 

In the present experiment, we employed Chinese characters as compound stimuli to	

investigate the variables influencing attending behavior in matching-to-sample (MTS) and 

sorting tests. The Chinese characters were used with the radical and without the radical. 

Twenty participants were randomly assigned to two different sequences of experimental 

conditions, and the participants in both sequences were exposed to pre-sorting of stimuli, first 

without and then with the radical, and subsequently exposed to a hybrid MTS (H-MTS) 

training in which the compound stimuli included identical radicals and therefore were only 

partly arbitrary. After training the baseline relations, the participants that were assigned to 

Sequence 1 had the sorting tests of stimuli, first without and then with the radical, followed by 

a H-MTS test, including stimuli with the radical, and finally the post-sorting of the stimuli 

without and with the radical. The participants assigned to Sequence 2 had a H-MTS test 

including stimuli with the radical, then sorting tests of stimuli without and with the radical, 

followed by a H-MTS test including stimuli with the radical. The immediate emergence of all 

stimulus classes of the compound stimuli with radicals was seen in seven of the ten 

participants in both sequences, whereas for the compound stimuli without radicals, it was only 

seen in two of the ten participants in Sequence 1 and one of the ten in Sequence 2.     

Keywords:	attending behavior, class formation, sorting, matching-to-sample 
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Humans are often found in situations in which many stimuli impinge simultaneously on their 

behavior, and many of these stimuli are compound stimuli. Examples of situations in which 

compound stimuli affect behavior are when one is switching back and forth between listening 

to the drums and the piano in a piece of music and when one is looking for the car keys while 

looking at them. We would colloquially say that we are “paying attention” or “not paying 

attention”. Investigations of this type of behavior in cognitive psychology are often done by 

making models, for instance, of different types of attention capacity allocation (Mcleod, 

1977) or of attention systems as a complex network of interconnected subsystems (Garon, 

Bryson, & Smith, 2008). In behavior analysis, there is another approach. Skinner (1953) 

explains that the criterion of attending is not about how we use our eyes or ears but rather if 

the stimulus has any effect upon our behavior. He argued that attending is not a form of 

behavior but rather “a controlling relation—the relation between a response and a 

discriminative stimulus”(Skinner, 1953, p.123). Nontechnical terms such as attention, paying 

attention and not paying attention are used to describe differences in the behavior of an 

organism responding to some stimulus properties and not to others. Rather than these 

nontechnical terms, it is better to use the verb “attending” or to speak about attending 

behavior to emphasize that the differences in behavior are due to differences in processes and 

not an unavailable “thing” called “attention” (Donahoe & Palmer, 1994). Catania (2013) says 

that “attending is not defined by movement; it is defined in terms of its consequences” and it 

is “appropriate to talk about attending as an operant” (Catania, 2013, p. 141).  

Reynolds (1961) investigated attending behavior in an experiment with two pigeons 

trained to key peck on two compound stimuli, a triangle-on-red stimulus correlated with 

reinforcement and a circle-on-green stimulus correlated with extinction. In a subsequent 

attending test (i.e., test under extinction, without consequences and with the two compound 

stimuli split up into four stimuli) one pigeon mainly attended to the form of the previous 
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reinforced stimulus (i.e., had most pecks on the triangle), while the other attended mainly to 

the color of the previous reinforced stimulus (i.e., had the most pecks on the red color). Even 

though it showed that the pigeons under extinction pecked on either the form or the color of 

the previous reinforced compound stimulus, it also showed that the birds did not generalize 

between the stimuli. The pigeons discriminated almost solely in one dimension of the 

compound stimuli and not in the other; we could say they were attending only in one 

dimension and failed to attend in the other. Instead of talking about the dimensions of a 

compound stimulus as being salient, (e.g., in Reynolds’ (1961) experiment, the triangle or the 

red color as being salient properties), it is better described with Catania (2013) words: 

“salience isn’t a property of a stimulus; it is actually a property of the organism’s behavior 

with respect to that stimulus” (p. 140). 

 Donahoe and Palmer (1994) described four reasons why attending behavior can fail to 

occur in an environment: First, if a present discriminative stimulus is not observed or sensed 

by the organism. Second, if the history of selection by consequences with respect to the 

stimulus failed to bring the behavior under the control of the stimulus in that environment; for 

instance, when a learner fails to attend to a second stimulus introduced after the first stimuli 

has gained stimulus control, it is called blocking. Third, if a stimulus has gained stimulus 

control in a context but fails to function as a discriminative stimulus outside this context. 

Fourth, if the simultaneous occurrence of discriminative stimuli interferes with the responses 

that are normally emitted in the presence of those stimuli. Donahoe and Palmer (1994) list 

different outcomes of the last situation: that responses occur successively, that a type of 

mixture of the responses occurs or that only one of the responses occurs.  

 In the literature, we find several definitions of compound stimuli used in different 

experiments. For example in experiments on respondent conditioning, conditioned stimuli are 

presented together and obtain the capacity to evoke a conditioned response.(Augustson, 
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Dougher, & Markham, 2000; Recorla & Wagner, 1972) In experiments on operant 

conditioning, compound stimuli are often used in discrimination training. Reynolds (1961) 

used two separate stimulus elements exposed upon each other in the discrimination training 

and later separated those elements when testing the discriminative stimulus control. Debert, 

Matos, and McIlvane (2007) suggest a definition of compound stimuli to “include stimulus 

elements joined temporally or spatially – components that could be separated and recombined 

without loss of discriminative control” (p. 90). In the present study, we define a compound 

stimulus to be a complex stimulus consisting of two or more individual stimuli presented 

simultaneously, and we, too, will separate the parts of the compound stimulus to perform 

investigations.  

Attending to compound stimuli in humans was addressed by Clark L. Hull (1920). He 

investigated the idea that concepts are the descriptions of classes that are defined by the 

presence of all of a set of attributes. With this approach, he launched the idea of concept 

learning as discrimination between relevant and irrelevant attributes. He studied this by letting 

participants learn a separate nonsense name for each member of sets of twelve Chinese 

ideographs. The name was related to a specific radical (Chinese characters are built of 

components called radicals) in the Chinese character. The participant had to discriminate the 

characters and learn all of the twelve nonsense names in one set before they were exposed to a 

new different set but with identical radicals and the same names correlated with the radicals. 

The participants were expected to tell the name of each character before being prompted. As 

consequences of their behavior, the participants were told if the responses were correct or 

incorrect, and, as Hull said, “If he could not react correctly, he had the annoyance of failure, 

and if he succeeded, he had the satisfaction of conscious success” (p. 14). We would say that 

discrimination was learned as a result of its consequences. Hull found that each participant’s 

performance of correct responses as a percentage went up progressively for each set of new 
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characters. After five such sets, the participants would name more than half of the characters 

correctly when seeing them for the first time and without being able to tell what the common 

radical was or to sketch it. In the experiment of Hull (1920), he illustrated how stimulus 

classes can be generated. However, it is not possible to infer whether stimulus equivalence, as 

defined by Sidman and Tailby (1982), had emerged.  

In the field of stimulus equivalence, studies in concept learning and other complex 

behavior such as language and remembering have, in the last decades, often been studied by 

the use of conditional discrimination procedures in a matching-to-sample (MTS) format. In 

this procedure, using arbitrary stimuli, the participants are put in the presence of a sample 

stimulus and a fixed number of comparison stimuli and taught to choose the experimenter-

defined stimulus (e.g., to choose B1 in the presence of A1, not B2 or B3 and to choose C1 in 

the presence of B1, not C2 or C3). The MTS format is often used for both the training of 

baseline relations and subsequently to test for untrained emergent relations and document 

class formation. The untrained responding on the test for emergent relations must have the 

properties of reflexivity, symmetry, and transitivity to qualify as stimulus equivalence. An 

equivalence class contains a fixed number of disparate stimuli that are related to each other in 

an interchangeable manner, and stimulus equivalence is defined as stimulus substitution 

(Green & Saunders, 1998).  

 Arntzen (2012) describes how the training structure in MTS can be varied: In a linear 

series (LS) training structure for three 3-member classes, first all AB relations are trained and 

then all of the BC relations. In a many-to-one (MTO) training structure, all the AC and BC 

relations are trained, and in a one-to-many (OTM) training structure, it is the AB and AC 

relations being trained. Originally, Sidman and Tailby (1982) suggested that the outcomes in 

the test for emergent relations should not vary between the different training structures, 

neither in order or direction. At present, there is no unambiguous evidence of which of the 
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training structures, MTO or OTM, is the most effective, but the LS training structure has been 

shown to be the least effective considering the production of stimulus equivalence in a 

simultaneous protocol (Arntzen, Grondahl, & Eilifsen, 2010). Arntzen et al. (2010) argued on 

the basis of studies that “the MTO training structure is a very effective structure in the sense 

that it will give higher yields in the structures that follow ” (Arntzen et al., 2010, p. 457). In 

the present study, the MTO training structure was selected before OTM or LS to give high 

yields in the structures that follow after the MTS training. 

Dymond and Rehfeldt (2001) have proposed the use of measures other than the 

percentage of correct responding when investigating derived stimulus relations and the 

emergence of relations that are not directly trained. They argued, among others, for the use of 

the reaction time to the comparison stimuli and the sorting of stimuli as additional measures. 

The reaction time to the comparison stimuli in testing trials has been examined in some 

studies (e.g., Arntzen, Braaten, Lian, & Eilifsen, 2011; Arntzen, Galaen, & Halvorsen, 2007; 

Arntzen et al., 2010; Arntzen & Hansen, 2011; Bentall, Jones, & Dickins, 1998; Eilifsen & 

Arntzen, 2009; Spencer & Chase, 1996).  There is shown to be an increase from the mean of 

the median reaction times in the last 5 trials in training to the first five trials in testing the 

baseline relations. There was also found to be an increase in the mean of the median reaction 

times from the trials testing the baseline relations to the trials testing the symmetry relations 

and again from the trials testing the symmetry relations to the trials testing the transitivity and 

global equivalence relations. In these studies, there was also found to be, on average, a 

decrease in the mean median reaction time in the last five trials compared to the mean of the 

medians in the first five trials in all relations. We will investigate the reaction time in this 

study and attempt to replicate these findings. 

As mentioned above, (Dymond & Rehfeldt, 2001) also suggested the use of sorting 

tests to document equivalence class formation. Recently, experiments have implied that 
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stimulus sorting tests can be used as a measure of the presence and/or emergence of 

equivalence classes (e.g., Arntzen, Granmo, & Fields, 2017; Arntzen, Norbom, & Fields, 

2015). In Arntzen et al. (2015), the sorting test was conducted immediately after the training 

of the baseline relations (TBR) and was then followed by an MTS equivalence class 

formation test to assess if the emergence of all class-based relations had occurred. In this 

experiment, 100% of the participants, who previously had demonstrated the formation of 

equivalence classes, showed the immediate emergence of stimulus classes by sorting. In 

Arntzen et al. (2017), they asked whether this finding was a general phenomenon and whether 

the yields would be the same with participants that had no prior experience in forming 

equivalence classes? This question was addressed by the design of an experiment on two 

groups with different placements of the MTS test in the phases of TBR and sorting. In Group 

1, with sorting following the TBR, 50% of the participants showed the immediate emergence 

of stimulus classes, and in Group 2, with sorting following the MTS-test, 30% of the 

participants showed the emergence of the three classes. They concluded that the percentage of 

participants showing the immediate emergence of stimulus classes by sorting was found to be 

lower than that in the previous study.  

In the present study, we used Chinese characters with common radicals as compound 

stimuli like Hull (1920) did. We asked if MTS training with a set of stimuli having some 

identical features (i.e., the radicals) would have any impact on the results when sorting the 

same set of stimuli but without the identical features, making them arbitrary stimuli. We used 

a hybrid-MTS (H-MTS) procedure that included a mix of identity and arbitrary aspects of 

stimuli as Chinese characters having identical radicals. The experiment was arranged to study 

sorting and the immediate emergence of stimulus classes after training baseline relations in 

accordance with the findings of Arntzen et al. (2015) and Arntzen et al. (2017). The 
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experiment attempted to replicate the findings on the changes in reaction time from baseline 

training to testing. 

Method 

Participants 

 Twenty participants (17 women and 3 men, Mage = 26,95 years, age range: 20-50 

years), with education levels from undergraduate to graduate, were recruited by personal 

contact. No compensation was offered for participation. Before the experiment started, all the 

participants read an information sheet, but the purpose of the experiment was not mentioned. 

Translated into English, the text stated as follows: 

The project is in the field of learning psychology and aims to provide more insight into 

the variables that affect how categorization emerges. Providing knowledge about 

variables that influence the formation of stimulus classes can be essential to increase 

the understanding of the phenomena people usually call memory, problem solving, 

language and the use of symbols. To not affect the research results, I cannot go into 

detail or explain further what this means before the trial starts. However, all 

participants can see their results and obtain an explanation of categorization and 

stimulus equivalence as research fields and what the present research specifically 

examines after they have participated. During the debriefing, there will also be 

opportunities to ask questions. 

Their rights as research participants were explained. The participants were assured anonymity 

and were informed of their right to withdraw from participation at any time without any 

negative consequences. The participants were also informed that no harmful effects were 

expected in the present experiment. Each participant signed an informed consent form. The 

participants were informed that the experiment would last from one to two hours. After 

having finished the experimental session, all participants were debriefed and presented with 
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their results from the sorting and MTS tests. The participants did not have any knowledge of 

or experience with this type of experiment or with stimulus equivalence as a discipline. 

Apparatus and Setting 

 Apparatus. All tasks in the present experiment were presented on a computer screen. 

The experiment was run on a Hewlett-Packard HP EliteBook 876w PC with the Windows 7 

Professional 32-bit operating system. The processor was an Intel® Core™ i5-2540M CPU @ 

2,60 GHz. The display of the laptop was a 1.LG T1710 on a standard VGA Graphics Adapter 

with a resolution of 1280 x 1024, and the screen was 38 cm wide by 21 cm high. A wired 

mouse with 3500 dpi precision and a 3,5G infrared sensor was used. Custom-made software 

was used to run the MTS training and testing, and tailor-made software was used for the 

sorting test.  

Setting. The setting was two similar rooms (approximately 3 x 3 meters), both in quiet 

surroundings. Unnecessary items were removed or covered with white tablecloths, and items 

that could be used for help (like pens and paper) were removed. The participants were asked 

to leave their mobile phones outside the room.  The participants were placed sitting at a desk 

(0,50 x 1 meters) in the corner of the room, facing the computer and a monochrome wall. On 

the participant’s side was a covered window, and the experimenter sat outside the door to the 

experiment room.   

Design 

We applied a within-subject design in combination with a group study to explore the 

research questions. The experiment was done with nine direct replications under each 

condition (i.e., sequence). The two different sequences were arranged to control for order 

effects (see Table 1). The participants were assigned randomly to the two sequences, and 

statistical analyses were completed between the sequences. All participants began the 

experiment with a pre-class formation-sorting test without radicals (Pre-SRT-WoR), followed 
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by a pre-class formation-sorting test with radicals (Pre-SRT-WR). This was to determine if 

the experimenter-defined classes were formed before we started the training of the baseline 

relations. If all of the three experimenter-defined classes were formed in the Pre-SRT-WoR, 

this would be a reason for exclusion, but not for Pre-SRT-WR. The participants completed the 

training of the baseline relations with radicals (TBR-WR) in the H-MTS training phase. For 

the participants assigned to Sequence 1, the TBR-WR was followed by sorting the stimuli, 

first without (SRT-WoR) and then with (SRT-WR) the radical and afterwards the H-MTS test 

with radicals (H-MTS- WR-test). Finally, the experimental session was ended by the sorting 

tests, first without (Post-SRT-WoR) and then with the radical (Post-SRT-WR). The 

participants assigned to Sequence 2 were exposed to an H-MTS test with radicals (H-MTS-

WR-test-1) immediately after the TBR-WR, followed by post-sorting tests without and with 

radicals, and the experiment was finally ended by a second H-MTS test (H-MTS-WR-test-2).  

Dependent and independent variables.  

 The dependent variables in the present experiment were the behavior of using the 

mouse to click on the comparison stimulus in the presence of the sample stimulus.  Different 

measures were used to examine the changes in the dependent variable, for instance, numbers 

of correct and incorrect trials, reaction time and class formation. The independent variable 

was the programmed consequences meant to differentially reinforce the choice of what the 

experimenter had defined as the right comparison stimulus 

Stimuli 

 Two sets of stimuli, all Chinese characters, were used. Each set consisted of nine 

stimuli, with three stimuli in each class. As we see in Figure 1, one set contained stimuli with 

radicals (WR) (i.e., identical features) in each class, while the other set was the exact same set 

of Chinese characters but without the radicals (WoR). 

Procedure 
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 Sorting. The stimuli in the sorting test were the two sets of three 3-member classes 

shown in Figure 1. During the sorting tasks, no feedback or programmed consequences were 

provided. The sorting test started with only one of the stimuli displayed on the computer 

screen, while the rest of the stimuli were hidden behind this stimulus. Before the sorting tests, 

the participants were asked to read the following text (in Norwegian) on the computer screen:  

“You will now see a pile of pictures, and you are going to drag all the pictures 

out by using the left button on the mouse. Press the button on top of the upper picture 

and drag it to the side, and do the same for all nine pictures. Now, you are going to 

sort the pictures and mark how you have sorted them. The marking is done by holding 

down the left button on the mouse and dragging the cursor over the screen.”  

 

The first four participants only received the two last sentences of this information on 

the computer screen and the rest of the information verbally. Before leaving the room, the 

experimenter told the participant that the sorting task should be completed two times and that 

the participant had to press the button labeled “finished” when done with the task. The 

experimenter also told the participant to call the experimenter when the task was finished. 

When the participant pressed the button “finished”, the computer program would ask, “Are 

the pictures sorted and a marking of the sorting done?”, and the participant had to click on the 

button “yes”, or otherwise the task would continue. When “yes” was answered, a screenshot 

was automatically recorded and saved on the computer.  

Conditional discrimination training. After the pre-class formation-sorting phase, all 

participants underwent conditional discrimination training (i.e., with the partly identical 

stimuli). The following text in Norwegian was presented on the screen:  

“A stimulus will appear in the middle of the screen. Click on this using the 

computer mouse. Then, three other stimuli will appear. Choose one of these using the 
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computer mouse. If you choose the stimulus we have defined as correct, words such as 

very good, excellent, and so on will appear on the screen. If you press a wrong 

stimulus, the word “wrong” will appear on the screen. During some stages of the 

experiment, the computer will not tell you if your choices are correct or wrong. 

However, based on what you have learned so far, you can get all of the tasks correct. 

Please do your best to get everything right. Good luck!”  

In addition, the experimenter told the participant to call the experimenter when the task was 

finished.  

The conditional discrimination training was done with the baseline relations of stimuli 

WR and was thus an H-MTS task. The baseline relations (AC, BC) were established in a 

simultaneous MTS format, and baseline trials were presented concurrently using an MTO 

structure. The intertrial interval was 1000 ms, and the interval with programmed 

consequences was 500 ms. In each training trial, the sample stimulus was presented in the 

middle of the screen, and a mouse click on the stimulus was followed by three comparison 

stimuli that were presented in random corners from trial to trial. A click on the correct 

comparison stimulus resulted in a programmed consequence such as the text stimulus 

“fantastic” or “correct” presented on the screen, while an incorrect choice resulted in the 

programmed consequence “wrong” as a text stimulus on the screen. Each trial type (e.g., 

A1/C1, B1/C1) was presented five times in a block. Hence, each block consisted of 30 trials. 

When 100% of the baseline relations in a block were acquired with the programmed 

consequences for every correct choice, the probability of the programmed consequences was 

changed from 100% to 50% and finally 0% of the trials in the block. The training of the 

baseline relations ended when a participant responded accurately on 100% of the trials in a 

block with a 0% probability of programmed consequences.  

 Testing for emergent relations. In the test block, experimenter-defined responding 
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on the baseline relations and the emergent relations of equivalence classes were assessed. The 

baseline relations (AC, BC), symmetry (CA, CB) and transitivity/equivalence (AB, BA) were 

tested. The testing was done in a mixed test block with no programmed consequences. Each 

trial type was presented three times, making 18 baseline trials, 18 symmetry trials and 18 

transitivity/equivalence trials, for a total of 54 trials. The criterion for responding in 

accordance with the equivalence was 95% correct responses for all trial types.  

Criteria for interrupting the experiment. If the participant asked the experimenter 

to stop, the experimenter would immediately stop the experiment. 

Dropouts and Remarks 

 After approximately 32 minutes in the training of the baseline relations, one 

participant told the experimenter to stop the experiment. One participant informed the 

experimenter during the debriefing that she was studying Chinese and was for that reason 

withdrawn from the results. Two participants were withdrawn from the results because of 

programming errors. Participant numbers 15621, 15622, 15623, and 15624 served as 

replacements for these participants.   

Reliability  

 To make sure that the results of the sorting tests were reliable, two observers assessed 

the screenshots of the sorting tests. Their Inter Observer Agreement (IOA) was measured as 

percentage of agreement (i.e., the number of sorting trials with total agreement on the 

distribution of stimuli divided by the total number of sorting trials then multiplied with 100).  

Statistical Analysis  

 Statistical analysis was conducted. Independent-sample t-tests were used to compare 

the two sequences with respect to the number of baseline training trials used. A chi-square test 

was used to compare the results on mastery of all the three experimenter-defined classes or 

not, from the pre-class formation sorting tests to the post-class formation sorting tests and for 
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stimuli WR and stimuli WoR. Independent sample t-tests were again used to analyze the 

differences in the medians from the first five to the last five trials in all trial types within all 

three H-MTS tests. Finally, an analysis of variance (ANOVA) was used on the median 

reaction times from the first five and last five trials of each trial type to compare the reaction 

times between the H-MTS tests.  

Results 

Analysis of Sorting Data 

 Table 2 presents the performance of each participant. The performance was scored as 

Y(i.e., yes) or N (i.e., no) depending on if a participant formed the experimenter-defined 

equivalence classes or not in the H-MTS-test. The three-digit strings under the headlines 

indicate the representative stimuli in the marked groups (i.e., groups of stimuli with a line 

drawn around them) produced in the sorting test. For example, as shown in Figure 2, 

participant 15623 in the Pre-SRT-WoR sorted the stimuli into three marked groups. The 

groups of sorting is transcribed as 210 120 003 in Table 2. The first cluster (210) means that 

there were two stimuli from Class 1, one stimulus from Class 2 and no stimuli from Class 3. 

In the second cluster (120), there were one stimulus from Class 1, two stimuli from Class 2 

and no stimuli from Class 3, and in the third cluster (003), there were no stimuli from Class 1, 

no stimuli from Class 2 and three stimuli from Class 3. The experimenter-defined classes 

produced by the participant are illustrated in bold font. A full string with experimenter-

defined classes will look like 300 030 003. 

Pre-Class Formation Sorting Tests in Both Sequences 

 Pre-SRT-WoR tests in both sequences. No participants sorted the stimuli in 

accordance with all the experimenter-defined classes. In Table 2, the strings under Pre-SRT-

WoR show that the participants marked from one to five groups when sorting the stimuli. The 

number of stimuli in the marked groups varied from one to nine, and they contained stimuli in 
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a mix from one, two, or all three of the experimenter-defined classes. Three participants 

(15623, 15622, and 15603) sorted Class 3 corresponding to the experimenter-defined classes. 

Participant 15610 marked all the stimuli in one group, as shown by the cluster 333 in Table 2.  

Between the sequences we see two participants form Sequence 1 and one from Sequence 2 

sorted the Class 3 corresponding to the experimenter-defined class. We see that the 

participants in Sequence 1 marked from one to four groups of stimuli. Wheras, in Sequence 2 

the participants marked from two to five groups.  

Pre-SRT-WR tests in both sequences. Two participants (15612 and 15619) out of 20 

sorted all three experimenter-defined 3-member classes, and the rest of the participants sorted 

the stimuli into one to four marked groups. As shown in Table 2, one participant (15621) 

sorted the stimuli in Classes 1 and 2 in accordance with the experimenter-defined 3-member 

classes, and three participants (15622, 15618 and 15624) sorted one of the experimenter-

defined classes. Participant 15610 marked all 15 stimuli together, and this is transcribed as 

333 in Table 2 and shown in the screenshot in Figure 2. Between the sequences we see in 

Table 2 that no participants in Sequence 1 sorted all the three 3-member experimenter-defined 

classes. But, two participants sorted all the experimenter-defined classes in Sequence 2. In 

Sequence 1 two participants sorted two single classes corresponding to the defined classes. In 

Sequence 2 nine single classes were sorted corresponding the experimenter-defined classes. In 

Sequence 1 the participants marked from one to four groups of stimuli and in Sequence 2 the 

participants marked from two to four groups of stimuli. 

Consistent responding in pre-class formation sorting tests. Participant 15610 did 

the exact same sorting of stimuli in Pre-SRT-WR as in Pre-SRT-WoR, marking all the stimuli 

into one group in both sorting tests (see Figure 2). Except for one stimulus, Participant 15615 

marked the stimuli in the same groups in Pre-SRT-WR as in Pre-SRT-WoR. We see in Table 

4 that the sorting from Pre-SRT-WoR to Pre-SRT-WR only differs by stimulus A1 being 
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placed in a different group. None of the participants sorting the experimenter-defined Class 3 

in Pre-SRT-WoR did so in Pre-SRT-WR. 

TBR-WR in Both Sequences  

The participants used from 150 to 840 trials (see Table 2). The participants used from 

150 trials to 840 to reach the criterion of 100% correct trials in the block with 0% 

programmed consequences in Sequence 1 and in Sequence 2 they used from 150 trials to 450.  

The mean of the trials used varied from 309 in Sequence 1 to 243 in Sequence 2. 

Independent-samples t-tests were conducted to compare the two sequences with respect to 

numbers of baseline training trials used before the thinning of consequences (establishment) 

and the numbers of baseline training trials used during the phase with the thinning 

(maintenance) of consequences in the H-MTS training. There was no significant difference in 

establishing conditional discrimination between Sequence 1 (M = 231,00, SD = 205,45) and 

Sequence 2 (M = 183,00, SD = 93,22); t(18) = 0.673, p = .510. Furthermore, there were no 

significant differences in the maintenance of conditional discrimination between Sequence 1 

(M = 78, SD = 37,95) and Sequence 2 (M = 60, SD = 0,00); t(18) = 1,500, p = .151.  

Post-Class Formation Sorting Tests in Sequence 1 (1st Block) 

SRT-WoR. Two out of the ten participants (15610 and 15623) sorted all three 

experimenter-defined 3-member classes, and the other participants marked the stimuli in two 

to four groups. Participant 15601 sorted Class 2, and Participant 15622 sorted Class 3. A chi-

square test revealed no significant results with respect to mastering all experimenter-defined 

classes between Pre-SRT-WoR to SRT-WoR. 

SRT-WR. . Seven of the ten participants sorted all the experimenter-defined three-

member classes. The participants who did not sort all three experimenter-defined classes 

sorted the stimuli into two or three groups. Two participants (15618 and 15608) sorted the 

experimenter-defined Class 1 (see Table 2). A chi-square test revealed significant (p = .001) 
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results from Pre-SRT-WR to SRT-WR with respect to mastering all experimenter-defined 

classes. 

Post-Class Formation Sorting Tests in Sequence 1 (2nd Block) 

Post-SRT-WoR. Three of the ten participants sorted all three experimenter-defined 3-

member classes. The participants who did not sort all the experimenter-defined classes sorted 

the stimuli into four groups. Participant 15601 sorted one class as the experimenter-defined 

class 2, and Participant 15607 sorted the experimenter-defined Class 3.  

Post-SRT-WR. Seven of the ten participants sorted all three experimenter-defined 3-

member classes. The Participants who did not sort all the experimenter-defined classes sorted 

the stimuli in two or three groups. Participant 15618 sorted the experimenter-defined Class 1. 

Consistent Responding in Post-Class Formation Sorting Tests in Sequence 1 

Table 4 shows that Participant 15618 repeated one marked group from Pre-SRT-WoR 

to SRT-WoR, namely, the stimuli B1, B2. Participant 15601 repeated two marked groups 

form Pre-SRT-WoR to SRT-WoR, (i.e., A1 and B1 in one group and A3 alone) and also 

repeated the sorting from SRT-WoR to Post-SRT-WoR. Participant 15611 repeated the 

marked group of A1, A2, A3, B3, C3 from Pre-SRT-WR to SRT-WoR and repeated the exact 

same sorting from SRT-WoR to Post-SRT-WoR. Participant 15617 repeated the marked 

group of C1, C3 from Pre-SRT-WR to SRT-WoR, and Participant 15608 made the exact same 

sorting in Post-SRT-WR as in Post-SRT- WoR.  

Class Formation in H-MTS-WR-Test 

Eight of the ten participants responded in accordance with stimulus equivalence during 

the MTS-test and reached the criteria of 95% correct trials. Participants 15618 and 15608 did 

not respond in accordance with stimulus equivalence, but Participant 15617 now responded in 

accordance with stimulus equivalence, though this participant did not sort correctly in the 

prior sorting test. 
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Analysis of participant-defined responding in H-MTS-WR. In Table 3, the 

incorrect trials are analyzed trial by trial to see if they are due to consistent participant-defined 

responding. In the upper-left matrices, Participant 15608’s choices for all trial types are 

shown. In the baseline trials, when sample A3 was presented, the participant chose C1 twice 

and C3 once. In the symmetry trials, when sample C3 was presented, the participant chose A2 

twice and A3 once. The rest of the choices in the baseline and symmetry trials were in 

accordance with the experimenter-defined classes. In the transitivity and equivalence trials, 

when the sample was A3, the participant chose B1 in all three trials, but when the sample 

presented was B1, the participant chose A3 only once and A1 twice. When the sample was 

B3, the participant chose A2 twice and A3 once. However, when the sample was A2, the 

participant chose stimuli in accordance with the experimenter-defined classes. These results 

show no consistent participant-defined classes for participant 15608. We analyzed the results 

for participant 15618 in the same way, as can be seen in the Table 3 upper-right matrices, and 

found no participant-defined classes here either.  

Results of Post-Class Formation Sorting tests in Sequence 2 

Post-SRT-WoR. One of the ten participants (15624) formed all the experimenter-

defined classes, while the others marked from three to five groups of stimuli not 

corresponding with the experimenter-defined classes. Participant 15612 marked the groups of 

stimuli corresponding to the experimenter-defined Class 2. The chi-square tests revealed no 

significant differences between the results in Pre-SRT-WoR and Post-SRT-WoR. 

Post-SRT-WR. Seven of the ten participants marked the groups of stimuli 

corresponding to all the experimenter-defined classes, and the others sorted the stimuli into 

two to five groups not corresponding to the experimenter-defined classes. A chi-square test 

was conducted to compare the results on sorting tests between the Pre-SRT-WR and Post-

SRT-WR and it was found to be statistically significant (p = .025) 
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Consistent Responding Between Sorting Tests in Sequence 2 

 Some participants who did not sort in accord with the experimenter-defined classes had some 

consistent responding. In Post-SRT-WoR, Participant 15621 marked one group equal to one 

in Pre-SRT-WR, and Participant 15616 marked two equal groups of stimuli in Pre-SRT-WR 

and Post-SRT-WoR. Participant 15615 marked all four groups as in Pre-SRT-WoR  and Post-

SRT-WoR (see Table 4). Participant 15609 marked the stimuli in the exact same groups as in 

Post-SRT-WoR. Participant 15603 marked two groups that differed from any of the 

participants’ prior classes. 

Results of Class Formation in Sequence 2  

In the first class formation test (H-MTS-WR-test-1) seven of the ten participants 

responded in accordance with stimulus equivalence in H-MTS-WR-test-1, but Participants 

15624, 15603 and 15609 did not. In the second class formation test (H-MTS-WR-test-2) eight 

of the ten participants responded in accordance with stimulus equivalence during H-MTS-

WR-test-2, but Participants 15603 and 15609 did not. No consistent participant-defined 

responding was found for any of the participants or in any of the tests when we analyze the 

results trial by trial (see Table 3).  

Class Formation Between Test Types and Sequences 

In Figure 4, the formation of classes is depicted. In the right column, the diagrams 

show the different combinations of class formations done in Sequence 1 and how many 

participants did each combination. In the left column is shown the different class formations 

created in Sequence 2.  By counting the number of single classes depicted by the bars, we see 

a formation of 8 of 30 possible classes in SRT-WoR and a formation of 11 of 30 possible 

classes in Post-SRT-WoR among all the participants in Sequence 1, whereas we see a 

formation of 4 of 30 possible classes in Post-SRT-WoR among all the participants in 

Sequence 2.  
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Reaction Time 

For analyzing the reaction time within each H-MTS test, independent samples t-tests 

were performed. The analysis included calculations of the differences between the medians of 

the first five and the last five trials in each trial type (i.e., baseline, symmetry, and 

transitivity/equivalence) in the H-MTS tests.  The t-tests were conducted for all three H-MTS 

tests, and no significant differences between the first five and the last five trials were found in 

any of the trial types in any of the H-MTS tests. 

  To analyze the differences between the three H-MTS tests, an analysis of variance 

(ANOVA) was conducted between all three H-MTS tests with respect to the medians of the 

reaction times for the first five trials and for the last five trials for each trial type. The 

ANOVA showed that there was no significant difference in reaction time when comparing the 

different trial types between the two sequences. Based on the t-tests and the ANOVA 

analyzes the results on the reaction time for all 20 participants were combined. 

Figure 3 shows the mean median reaction time for all twenty participants, showing the 

last five training trials of the training phase and the first five (in black) and last five (in gray) 

baseline trials testing for the directly trained relations, the first five and the last five trials 

testing for symmetry and the first five and last five testing for transitivity or global 

equivalence. The last bar shows the mean medians for all types of errors made in the test. By 

a visual inspection of Figure 3, we see that the reaction time increases from the baseline to 

symmetry trials and from the symmetry to equivalence/ transitivity trials. We see a decrease 

in the reaction time from the first five trials to the last five in all trial types, and we see that 

the reaction time for incorrect choices is higher than for all types of correct trials. 

Interobserver Agreement 

 Two independent observers scored all the participants’ sorting of the stimuli. 99 of 

100 sorting tests were scored equal, making an interobserver agreement (IOA) of 99%. The 
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observers scored the Pre-SRT-WR of Participant 15609 differently. The observers agreed on 

three separate marker groupings in which six of the stimuli were placed, but disagreed about 

the last three stimuli if they formed one or two groups. The observers agreed that the sorting 

as a total was far from close to any of the experimenter-defined classes. Therefore, this 

disagreement is no threat to the validity. 

Discussion 

Sorting of stimuli WoR and Immediate Emergence of Stimulus Classes 

To address attending behavior in the present experiment, one question asked was if H-

MTS training with a set of stimuli (i.e., Chinese characters) in which the stimuli in the same 

classes had identical features (i.e., radicals) would have any impact on the immediate 

emergence of class formation in the same set of stimuli but without the identical features. This 

was evaluated by the use of sorting tests and by comparing the immediate emergence of class 

formation between Sequence 1 and Sequence 2. 

The sorting tests gave the following results. First, we found that two of the 10 

participants demonstrated the immediate emergence of all the experimenter-defined classes of 

stimuli in the SRT-WoR test in Sequence 1, while one of the 10 participants showed all the 

experimenter-defined classes in Pre-SRT-WoR in Sequence 2. Second, we found that the 

difference in results from Pre-SRT-WoR to SRT-WoR in sequence 1 and from Pre-SRT-WoR 

to Post-SRT-WoR in sequence 2 were not significant in any of the sequences. Third, we 

found the immediate emergence of eight of the 30 possible single experimenter-defined 

classes in Sequence 1 when SRT-WoR was conducted right after TBR-WR. We also found 

that 11 of the 30 possible single experimenter-defined classes emerged in Sequence 1 in the 

Post-SRT-WoR after the H-MTS-WR-test, whereas in Sequence 2, when the Post-SRT-WoR 

was conducted after the H-MTS-WR-test-1 only four of the 30 possible single experimenter-

defined classes emerged.  
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These findings can be interpreted in different ways. It is possible that the lower results 

on sorting in Sequence 2 are related to the fact that the sorting is conducted after the H-MTS-

WR-test-1. By adding the H-MTS-WR-test-1 right after the TBR-WR in Sequence 2, the 

participants are in the H-MTS-WR-test-1 exposed to the radicals an increased number of 

times. Thereby, what seems to be a slightly less attending behavior in Sequence 2 compared 

to in Sequence 1 could be due to blocking, as argued by Donahoe and Palmer (1994).  

Another reason for the attending behavior to occur to a lower degree could be if the 

participants failed to sense that the stimuli present in the SRT-WoR were actually partly the 

same as those used in TBR-WR. This could also be a reason for the low results in SRT-WoR 

in both sequences.  

To investigate how much or if the participants are focusing on or observing the 

arbitrary part of the stimuli under the TBR-WR, it would be interesting to use eye-tracking 

equipment. Investigations in attending behavior, MTS and eye-tracking have lately been 

summarized in the following way by Hansen and Arntzen (2015). 

Furthermore, we point to evidence which suggests that attending, looking, 

observing, and perceiving operate on something of a functional continuum, 

with attending and looking - or vice versa - at one end of the scale, with 

differentially reinforced ocular observing responses further along, and with 

perceiving at the other end of the continuum. Thus, attending constitutes a 

controlling relationship between the visual contact that meets the eye and a 

visual discriminative stimulus, established and maintained by conditioned 

reinforcement (p. 244). 

This taken into consideration together with the results of this experiment, it would be 

interesting to replicate the study using eye-tracking to examine how the identical radicals in 

the compound stimuli affect the observing behavior.  
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Sorting of stimuli WR and Immediate Emergence of Stimulus Classes 

In Sequence 1, seven of the ten participants showed all the experimenter-defined 

classes of the stimuli WR when the sorting tests WR were conducted after TBR-WR. 

Therefore, in Sequence 1, the sorting tests of stimuli WR showed the immediate emergence of 

all the three experimenter-defined classes for 70% of the participants. In Sequence 2, the 

sorting tests were administered after both the TBR-WR and the H-MTS-WR-test-1 were 

conducted. Seven of the 10 participants showed the immediate emergence of all three 

experimenter-defined classes of stimuli WR in the H-MTS-WR-test-1, and the same number 

showed the emergence of the three experimenter-defined classes of stimuli WR in the 

subsequent sorting test. Across the groups, sorting tests WR showed the emergence of all 

three stimuli classes by 14 of the 20 participants. Compared to Pre-SRT-WR, the results 

showed high and significant results for sorting the stimuli WR after only TBR-WR as well as 

after conducting both TBR-WR and H-MTS-WR-test-1. These results replicated the prior 

findings of Arntzen et al. (2015) and Arntzen et al. (2017) showing that a sorting test can 

track class formation by sampling a subset of emergent relations. However, when comparing 

the yields with those of prior experiments, we should take into consideration that this was a 

hybrid of matching-to-sample with stimuli having some identical features in each class. 

Additionally, two participants in Pre-SRT-WR marked all the groups of the three 

experimenter-defined classes. These participants were not excluded from the experiment 

because the main purpose of this experiment was to examine the sorting of the stimuli WoR 

after the participants had learned the relations of the stimuli WR. For the same reason, the 

MTO training structure was used in this study to give high yields, whereas Arntzen et al. 

(2015) and Arntzen et al. (2017) used an LS training structure.  

 The reaction time data displayed in Figure 3 shows that across the two sequences, 

there was an increase in the mean of median reaction time from the last five training trials to 
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the first five trials of testing for the trained relations. The mean of median reaction time for 

the trials testing for symmetry was higher for the first five trials than for the first five trials 

testing the trained relations, and an increase was also shown from the first five trials of 

symmetry to the first five of the equivalence/transitivity trials. A decrease in the mean of  

medians was also observed in all three relations from the first five trials to the last five trials 

tested. These data replicate those of other studies on the reaction time in trials testing for 

stimulus equivalence relations (e.g., Arntzen et al., 2011; Arntzen et al., 2007; Arntzen et al., 

2010; Arntzen & Hansen, 2011; Eilifsen & Arntzen, 2009; Spencer & Chase, 1996). These 

findings are interesting taking into consideration that we used an H-MTS procedure with 

some identical features in the compound stimuli. One assumption should be that the reaction 

time was equal under the whole test if the identical parts of the compound stimuli controlled 

the comparison choice. However, when the reaction time pattern in the present study 

resembled patterns from studies testing equivalence relations (e.g., Arntzen et al., 2011; 

Arntzen et al., 2007; Arntzen et al., 2010; Arntzen & Hansen, 2011; Eilifsen & Arntzen, 

2009; Spencer & Chase, 1996), it suggests that even though the compound stimuli had some 

identical parts, the identical parts of the stimuli did not fully control the behavior. Rather, the 

stimuli could be assumed as abstract stimuli, and thereby they constituted an arbitrary 

matching task and equivalence class formation. 

To determine when and if the mean of the median reaction time would level out 

between the different trial types with respect to identical features in the compound stimuli, it 

would be interesting to replicate the study and measure the reaction time while we gradually 

increase the percentage of identical parts of the compound stimuli. 

Equivalence Classes, Stimulus Classes, and Sorting WR 

Seven participants in Sequence 1 and under SRT-WR showed the immediate class 

formation of all three classes, and the same participants also responded correctly according to 
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the experimenter-defined classes in a subsequently administered H-MTS-WR-test (see Table 

2 and Figure 4). This shows what would be called equivalence classes if we had used stimuli 

with no physical similarities. However, as the reaction time in the H-MTS tests showed the 

same pattern as for arbitrary matching, we find it appropriate to interpret the results as if the 

task in the H-MTS-WR-test was arbitrary matching. If this interpretation is correct, the 

stimulus classes documented by the sorting tests seem to be predictive of the equivalence 

classes that were documented in the H-MTS-WR-test.  

Consistent Responding in Sorting Tests 

Some participants who showed the absence of experimenter-defined classes anyway 

sorted the classes with some consistency. When we compared the marked groups between the 

different sorting tests WR (see Table 4), we found that Participant 15618 repeated A3, C3 

from SRT-WoR to SRT-WR in Sequence 1 and Participant 15608 repeated all the groups 

form Post-SRT-WoR to Post-SRT-WR. Similarly, in sequence 2, Participant 15615 and 

Participant 15609 repeated the all the sorted groups from Post-SRT-WoR to Post-SRT-WR. 

These findings indicate a consistent class formation defined by the participant. However, 

when we analyzed the H-MTS tests trial by trial in Table 3, we did not find the same 

participant-defined classes. 

Delayed Emergence 

Figure 4 shows that Participant 15617 and Participant 15624 showed delayed 

emergence of classes. For Participant 15617, in Sequence 1 in the SRT-WR after TBR-WR, 

no experimenter-defined classes emerged, but they did so in the follow-up H-MTS-WR-test, 

and in the Post-SRT-WR, all three experimenter-defined classes emerged. For Participant 

15624 in Sequence 2, a delay was seen in H-MTS-WR-test-1; after TBR-WR, no 

experimenter-defined classes had emerged, but they all emerged in the following tests. 

Sidman (1994) wrote, 
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“ … delayed emergence might reflect the fact that stimuli can belong to other classes 

in addition to the experimentally established equivalence classes that are being tested. 

(pp. 274–279). Some of these classes may be products of the subject’s 

extraexperimental history (Sidman, 1992a, pp. 23–24); others, although irrelevant to 

the aims of the study, may nevertheless have been created within it”. (p. 511)   

Nevertheless, when we compared the outcomes for delayed emergence in the two sequences 

when either sorting tests or H-MTS-tests are presented right after TBR-WR, we found no 

difference in the sensitivity for delayed emergence between the two sequences.  

Pre-Sorting  

In Pre-SRT-WoR, we found that three participants sorted the experimenter Class 3, but 

we suggest this was by chance. If there are some common features of the stimuli in Class 3, 

we would expect the participants to react to the same features in Pre-SRT-WR, but none of 

the participants did so.  

In Table 2 and in Figure 4, we see that Participant 15620 documented the stimulus 

classes in the sorting test and in the follow-up H-MTS-WR-test but did not document the 

classes again in the follow-up sorting test Post-SRT-WR. An interpretation can be that the 

sorting performed in Pre-SRT-WoR interfered with the newly achieved class-based since the 

participant marked the exact same groups as in Pre-SRT-WoR (see Table 4). 

Participants 15618 and 15601 both repeated marked groups from Pre-SRT-WoR to 

SRT-WoR, Participants 15611 and 15617 repeated marked groups from Pre-SRT-WR, and 

Participant 15609 repeated two groups of stimuli from Pre-SRT-WoR to Post-SRT-WoR in 

Sequence 2. These results suggest that the pre-sorting tests can affect the overall outcome and 

thus should be used with caution. 

Verbal Reports From Debriefing 

Participant 15610 marked all the nine stimuli in one group in both Pre-SRT-WoR and 



ATTENDING	BEHAVIOR	AND	COMPOUND	STIMULI	
	
	
	

74	

Pre-SRT-WR. During the debriefing, the participant said that this was due to having no idea 

of how to sort the symbols.  

Participant 15615 marked all the same groups in all the sorting tests but one: between 

Pre-SRT-WoR and Pre-SRT-WR, only one stimulus was placed differently. At the same time, 

the participant did both the H-MTS-WR-test-1 and H-MTS-WR-test-2 in accordance with the 

experimenter-defined classes. During the debriefing, the participant reported that this was 

done intentionally, convinced that the remembrance of the first sorting was the main purpose 

of all the sorting tasks. The participant explained that she thought this because memory was 

mentioned in the information sheet. Although the information sheet was not meant to be an 

instruction, the verbal report from Participant 15615 indicates that it had a function like this 

for this participant. We do not know if it had this function for any other of the participants, 

but no one but Participant 15615 exhibited consistent results of this type. Sidman (1994) 

writes that instructions to the subject “may establish a context that brings into play historical 

contingencies that interact with or completely override current experimental contingencies” 

(p. 510). Clearly, this makes it even more pertinent to be careful with instructions and 

information given to participants before an experiment.  

Limitations 

There are some limitations to the present study. We had only 10 participants in each group, 

and we used statistical calculations. In further research, we should increase the number of 

participants in each group to reduce the possibility of coincidences that might influence the 

data. Another limitation could be the information sheet, which influenced at least one 

participant to repeat the results of the first sorting tests throughout the experiment. However, 

we did not find similarly consistent results in any other participant’s performance. 

Further Research  
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This experiment opens the opportunity for further research to be proposed: These 

include to investigate with eye-tracking equipment how much or if the participants are 

focusing on the arbitrary parts of the stimuli under the TBR-WR and reveal if there is a 

correlation to the outcome on the stimulus equivalence test; to employ an MTS-WoR after 

conducting the TBR-WR and sorting WoR have been done to investigate if the classes of 

stimuli WoR that emerged under sorting have the properties of equivalence classes; and to 

investigate how large a part of the stimuli that needs to be identical before the results from the 

MTS test would resemble an identical matching test with an assumed equal reaction time. 

Summary 

  This experiment showed the immediate emergence of stimulus classes after TBR-WR 

in 70% of the participants for both test types (i.e., sorting tests and MTS tests). However, the 

immediate emergence of all stimulus classes WoR was only seen in 20% of the participants in 

Sequence 1 and 10% in Sequence 2. With respect to the single experimenter-defined classes, 

we found higher yields for sorting tests WoR in Sequence 1 than in Sequence 2. Thus, we 

found higher yields when sorting WoR was conducted right after TBR-WR.  

 That we used stimuli with some identical features should be taken into consideration 

when comparing this study with prior studies and considering equivalence classes. However, 

with the results on reaction time showing that the pattern in the mean of medians in this study 

resembled those of patterns from studies testing equivalence relations with arbitrary stimuli, 

we found it reasonable to compare this study to other studies using conditional discrimination 

with arbitrary stimuli. Thus, the findings in this experiment extend the findings of Arntzen et 

al. (2015) and Arntzen et al. (2017) and increase the evidence for the reliability of 

documenting stimulus class formation with sorting tests by showing that the immediate 

emergence of stimulus classes WR can be tracked with sorting tests. When we employed an 

H-MTS-WR-test after the sorting test WR in Sequence 1, it documented (what can be 
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assumed to be) equivalence classes for the classes previously documented by sorting. 

Therefore, it is possible that the classes shown by the sorting test also had the properties of 

equivalence classes.  

The experiment also showed that the immediate emergence of stimulus classes with 

identical features removed before the sorting test could be tracked with sorting tests; however, 

we do not know if these classes have the properties of equivalence classes.  
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Table 1   
Sequences and Conditions 

 
 
 
 
 
 
 
 
 

Note. The participants were exposed to different conditions depending on one of two 
sequences. The order of sequences is shown from left to the right. Pre-SRT = pre-class 
formation sorting test; TBR = training of baseline relations; SRT = sorting test after 
training of baseline relations; MTS = Matching-To-Sample test; Post-SRT = sorting 
test after the MTS-test; WoR = without radicals; WR = with radicals; H = hybrid (see 
text for explanation); test-1 = first test; test-2 = second test. 
 

Table 2 
 
Results From Sequence 1 and Sequence 2 

 
Note. The top section shows the results of Sequence 1, and the bottom section shows the 
results of Sequence 2. The first column indicates the participant numbers (PN). Each row 
shows the results for a given participant in all the phases of the experiment. The different 
phases of the experiment are named in the headings of the columns. Under the headlines 
containing SRT (sorting tests), the 3-digit figures indicate the clusters of the stimuli the 
participant produced. Reading from left to right, the 1st digit shows how many stimuli there 
were to be found in the cluster from Class 1, the 2nd digit from Class 2 and the 3rd from Class 
3. The digits in bold font show that the classes matched the experimenter-defined classes. 
TBR- = training of baseline relations showing how many trials the participant used to reach 
the criterion; MTS-test- = Equivalence class formation shown in the Matching-To-Sample test 
and indicated by Y for those who formed equivalence classes and N for those who did not. 

PN TBR-WR H-MTS-WR-test
15610 333 333 390 300 030 003 300 030 003 Y 300 030 003 300 030 003
15623 210 120 003 111 111 111 330 300 030 003 300 030 003 Y 300 030 003 300 030 003
15622 310 020 003 300 020 011 002 210 210 120 003 300 030 003 Y 300 030 003 300 030 003
15601 200 112 020 001 201 120 010 002 150 200 030 102 001 300 030 003 Y 200 030 102 001 300 030 003
15607 202 131 203 130 330 230 103 300 030 003 Y 210 120 003 300 030 003
15611 110 101 102 020 110 110 113 180 220 113 300 030 003 Y 220 113 300 030 003

15617 202 131 111 121 101 150 101 120 112 331 002 Y 111 121 101 300 030 003
15620 201 111 021 111 120 102 840 210 111 012 300 030 003 Y 201 120 012 111 120 102

15618 211 110 012 200 030 101 002 240 111 110 110 002 300 031 002 N 111 121 101 300 031 002

15608 211 122 222 111 270 203 130 300 033 N 301 032 301 032

PN TBR-WR H-MTS-WR-test-1 H-MTS-WR-test-2
15612 111 120 102 300 030 003 210 Y 201 030 102 300 030 003 Y
15619 201 120 012 300 030 003 210 Y 110 120 103 300 030 003 Y
15621 111 120 102 300 030 002 001 150 Y 110 120 101 002 300 030 003 Y

15616 200 110 011 012 101 110 120 002 210 Y 100 110 101 020 002 300 030 003 Y
15605 230 103 203 130 240 Y 211 120 002 300 030 003 Y
15614 210 121 002 211 122 360 Y 210 101 022 300 030 003 Y
15615 200 110 021 002 100 110 121 002 150 Y 200 110 021 002 200 110 021 002 Y
15624 311 022 310 020 003 210 N 300 030 003 300 030 003 Y
15603 120 210 003 211 122 450 N 101 110 120 002 230 103 N
15609 110 110 101 002 010 200 101 020 012 240 N 200 101 020 002 010 200 101 020 002 010 N

Sequence	1
Pre-SRT-WoR Pre-SRT-WR 																																		SRT-WoR SRT-WR Post-SRT-WoR Post-SRT-WR

Sequence	2

Pre-SRT-WoR Pre-SRT-WR Post-SRT-WoR Post-SRT-WR

Sequence 1: 

Pre-SRT-WoR – Pre-SRT-WR – TBR-WR – SRT-WoR – SRT-WR – H-MTS-WR-test – Post-SRT-WoR – Post-SRT-WR 

Sequence 2: 

Pre-SRT-WoR – Pre-SRT-WR – TBR-WR – H-MTS-WR-test-1– Post-SRT-WoR – Post-SRT-WR – H-MTS-WR-test-2 
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Table 3  

Trial-by-Trial Analysis of Emergent Relations  

                         

                         

                         

     
 
 
 
 
 
 

Baseline C1 C2 C3 C1 C2 C3
A1 3
A2 3
A3 2 1

B1 3
B2 3
B3 3

Symmetry A1 A2 A3 B1 B2 B3
C1 3
C2 3
C3 2 1

C1 3
C2 3
C3 3

Equivalence B1 B2 B3 A1 A2 A3
A1 3
A2 3
A3 3

B1 2 1
B2 3
B3 2 1

Sa
m
pl
es
	

Comparisons	Test	type	15608	

Sa
m
pl
es
	

Sa
m
pl
es
	

Test	type	

Test	type	

Comparisons	

Comparisons	

15618
Baseline C1 C2 C3 C1 C2 C3

A1 3
A2 3
A3 3

B1 3
B2 3
B3 3

Symmetry A1 A2 A3 B1 B2 B3
C1 3
C2 3
C3 3

C1 3
C2 3
C3 3

Equivalence B1 B2 B3 A1 A2 A3
A1 3
A2 3
A3 3

B1 3
B2 3
B3 1 2 0

Comparisons	Test	type	15618	

Sa
m
pl
es
	

Sa
m
pl
es
	

Sa
m
pl
es
	

Comparisons	

Comparisons	

Test	type	

Test	type	

Baseline C1 C2 C3 C1 C2 C3
A1 3
A2 2 1
A3 3

B1 3
B2 3
B3 3

15603 Symmetry A1 A2 A3 B1 B2 B3
C1 3
C2 3
C3 3

C1 3
C2 3
C3 1 2

Equivalence B1 B2 B3 A1 A2 A3
A1 3
A2 3
A3 3

B1 1 2
B2 3
B3 3

Sa
m
pl
es
	

Comparisons	

Comparisons	

Sa
m
pl
es
	

Sa
m
pl
es
	

Comparisons	

15603	
1.test	

Test	type	

Test	type	

Test	type	

Baseline C1 C2 C3 C1 C2 C3
A1 1
A2 2 1
A3 3

B1 3
B2 3
B3 3

Symmetry A1 A2 A3 B1 B2 B3
C1 2 1
C2 3
C3 3

C1 3
C2 3
C3 3

Equivalence B1 B2 B3 A1 A2 A3
A1 3
A2 3
A3 3

B1 1 1 1
B2 3
B3 3

Sa
m
pl
es
	

Comparisons	15603	
2.test	

Test	type	
Sa
m
pl
es
	

Comparisons	Test	type	

Sa
m
pl
es
	

Comparisons	Test	type	

Baseline C1 C2 C3 C1 C2 C3
A1 3
A2 3
A3 3

B1 3
B2 3
B3 3

15609 Symmetry A1 A2 A3 B1 B2 B3
C1 1 2
C2 3
C3 3

C1 2 1
C2 3
C3 3

Equivalence B1 B2 B3 A1 A2 A3
A1 2 1
A2 3
A3 3

B1 3
B2 3
B3 1 2

Sa
m
pl
es
	

Comparisons	15609	
1.test	

Test	type	

Sa
m
pl
es
	

Comparisons	Test	type	

Sa
m
pl
es
	

Comparisons	Test	type	

Baseline C1 C2 C3 C1 C2 C3
A1 3
A2 3
A3 1 2

B1 3
B2 3
B3 3

Symmetry A1 A2 A3 B1 B2 B3
C1 1 2
C2 3
C3 3

C1 3
C2 3
C3 3

Equivalence B1 B2 B3 A1 A2 A3
A1 2 1
A2 3
A3 3

B1 3
B2 3
B3 3

Sa
m
pl
es
	

Comparisons	

Sa
m
pl
es
	

Comparisons	

Sa
m
pl
es
	

Comparisons	

15609	
2.test	

Test	type	

Test	type	

Test	type	

Baseline C1 C2 C3 C1 C2 C3
A1 3
A2 3
A3 3

B1 3
B2 3
B3 3

Symmetry A1 A2 A3 B1 B2 B3
C1 3
C2 3
C3 3

C1 3
C2 3
C3 1 2

Equivalence B1 B2 B3 A1 A2 A3
A1 3
A2 3
A3 2 1

B1 3
B2 3
B3 3

Sa
m
pl
es
	

Comparisons	Test	type	15624	
1.test	

Sa
m
pl
es
	

Comparisons	Test	type	

Sa
m
pl
es
	

Comparisons	Test	type	

Note. This table shows matrices for all trial types; 
baseline trials in the upper, symmetry in the middle and 
transitivity/equivalence in the lower panel of each 
matrix. One matrix is shown for each of the five 
participants (participant number in the upper left corner) 
who did not reach the criterion for responding in 
accordance with equivalence in each H-MTS-test. The 
matrices show the frequencies of selecting each 
comparison stimulus (columns) in the presence of each 
sample stimulus (rows). Each trial type was presented 
three times, so the presence of the number “3” in the 
marked squares between the sample and comparison 
shows that the relation is in accordance with the 
experimenter-defined classes. The numbers outside the 
squares show participant-defined relations. 
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Figure 1. Stimuli used with 3-member classes. In the stimulus set in the left part of the figure, 
the characters have similar radicals for each class; this set is referred to as “with radicals” 
(WR). By manipulating the stimuli and removing all the similar radicals in each class, we 
created a new set of arbitrary stimuli, equal to the first set but without the radicals; this set is 
referred to as “without radicals” (WoR) and is depicted in the right part of the figure. 
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Participant 15623 Pre-SRT-WoR														
	
		
	
			
	
	
	
	
	
	

 Participant 15615 Pre-SRT-WoR																							Participant 15615 Pre-SRT-WR	
	
	
	
	
	
	
	
	
	
	

Participant 15615 Post-SRT-WoR																						Participant 15615 Post-SRT-WR 
	
	
	
	
	
	
	
	
	 	
	

Participant 15610 Pre-SRT-WoR                      Participant 15610 Pre-SRT-WR 
 
Figure 2. A reconstruction of the screen shots showing the performance of the different 
participants in the various sorting tests. The number of the participant and the sorting test type 
are written under each picture. 
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Figure 3. Group data of all twenty participants showing the mean median reaction times to 
comparison stimuli across the two sequences for the last five training trials (in the first section 
of the figure from the left), for the first five and last five test trials for baseline relations 
(Baseline), symmetry relations (Symmetry), and equivalence/transitivity relations 
(Equivalence/Transitivity) (in the middle section of the figure), and for all types of errors 
made in the test (in the third section of the figure). 
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Figure 4. Number of classes that emerged in all test types and under each condition. The test 
types are written under the bars and follow the order of the tests in the sequences. The left 
column shows Sequence 1, and the right Sequence 2. The numbers in the boxes in the upper 
right corner of each panel report the number of participants showing each pattern across all 
test types. In Sequence 2, two participants did not form any experimenter-defined classes, so 
the number of participants showing the depicted patterns in Sequence 2 is eight. 
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