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Dear Prof. Friedman, 

Thank you for the opportunity to do the minor revisions. We have copied the Reviewers 

responses below and detailed our response to them in blue below each comment. 

Reviewer #1: First, I want to thank the authors for substantially engaging with my review. 

The manuscript is much improved, both in its theoretical framing and in the clarity of the 

writing. The main theoretical contribution of this article is significantly clarified too: 

possession of abstract same/different concepts (as evidence by spontaneous relational 

language) is required for success on unscaffolded version of RMTS. I have two minor 

suggested revisions: 

 

1) Please report effect sizes for all statistical analyses. In particular, your t-tests are missing 

effect sizes. 

Thank you for catching this omission. We have added standardized beta coefficients (β) with 

95% CIs to all regression analyses in the main manuscript and supplementary analyses. We 

note that one-sample tests reported in the manuscript are Wilcoxon signed-rank tests rather 

than t-tests, as the dependent variable was not normally distributed. Effect sizes for these tests 

were already reported in the prior version of the manuscript in the form of Wilcoxon’s r. 

2) I was disappointed to see no discussion of the entropy-based accounts of same/different 

perception (e.g., Glorioso et al, 2021; Wasserman et al, 2021). I am quite sympathetic to the 

theoretical narrative developed in the current manuscript. I don't find the entropy-based 

accounts particularly explanatory either; however, they present one possible alternative 

explanation as to how babies succeed at these other same/different tasks while toddlers 

without relational language fail at the tradition RMTS task. I think you should at least 

cursorily mention this work and then tell us why you don't buy the account. A clear spot to do 

this would be in the discussion section in the paragraph starting: "At this juncture, it may 

seem puzzling that 3-year-olds fail the RMTS without special support, yet 7- and 9-month-

old infants, and even 3-month-olds, can form abstract concepts of same and different 

(Anderson et al., 2018; Ferry et al., 2015; Hespos et al., 2021" 

 

We now include the following paragraph in the discussion.  

Hochmann et al. (2017) found that 3- and 4-year-old children, like pigeons, fail 2-item array-

match-to-sample (RMTS) tasks but succeed with 16-item arrays. Success by preschool 

children and pigeons on the 16-item display is attributed to encoding entropy (defined as the 

internal variability of an array). In contrast, older children and adults can detect the relation 

of same/different between pairs of objects. Although entropy-based accounts have been 

proposed (e.g., Glorioso et al., 2021), in the pure version of the RMTS task used in this study, 

there is strong evidence that success cannot be achieved using entropy perception, as the 

entropy of a same pair (0) and that of a different pair (1) are not sufficiently different to be 

detected given our method (i.e., presenting eight RMTS trials without practice or feedback).  

There is debate over whether a human or pigeon could be trained to detect this difference, but 

there is general agreement that any such training would require many hundreds or thousands 

of trials. There is an excellent discussion of this issue in Hochmann et al. (2017) (p. 19 and 

following). 

Reviewer #2: I appreciate the authors response to my comments, and they have greatly 

improved the paper. I still have some doubts about the size of the contribution (I don't think 

we should continue to incentivize using same/different as a stand in for all relational 

Response to reviewers



development), but I think the paper is sufficiently improved for publication.  Hopefully I will 

get to review papers with different relational measures/tasks for young kids soon. 



Research Highlights 

 Four-year-old children succeeded on the RMTS task without training or feedback 

 They performed equally well on same-only, different-only, and full RMTS trials 

 Children using relational language to justify choices perform better on the RMTS task 

 Command of the relational concepts same and different is linked to success on RMTS 

Highlights
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Abstract 

Relational ability – the ability to compare situations or ideas and discover common 

relations – is key to our capacity for higher-order cognition. The Relational-Match-to-Sample 

task (RMTS) is the gold standard to evaluate relational ability, yet recent reports conflict on 

when and how this ability emerges. Here, we focus on a version of the task in which children 

receive no training or feedback and ask whether possessing the relational concepts same and 

different is the key to success. We present two experiments that found 4-year-old children 

succeeded on three RMTS conditions aligned on the vertical axis (N = 79; 39 female and 40 

male; 52% White; Wilcoxon’s r >= .48) and one on the horizontal axis (N = 31; 15 female and 

16 male; 73% White; r = .62). Across both experiments, children who justified their choices 

using relational language performed better on the RMTS task. We conclude that possession of 

the same/different concept is the key to success on the RMTS and production of relational 

language to justify performance is a better predictor than age for indicating possession of the 

concept. 

Keywords: relational reasoning; analogy; early childhood; cognitive development; abstract 

learning 

 

1. Introduction 

A major component of human intelligence is our ability to perceive relations between 

objects, events, or ideas and transfer those relations to new situations. We use this ability every 

day. For example, you navigate through a new city by mentally aligning the image on your 

phone’s map with real-life landmarks and streets. Relational ability is the vital foundation for 
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effective learning, particularly in mathematics and science (e.g., Green et al., 2017; Jee et al., 

2013; Mix et al., 2024). Thus, clarifying how relational abilities emerge and develop is key to 

understanding why some children learn more readily than others and how best to support this 

ability in all children. 

To study relational ability at its core, we focus on same and different relations—the 

fundamental building blocks of relational matching. These relations are fundamental both for 

concept formation and everyday reasoning, are perceptually available to young children and 

nonhuman animals, and have been studied extensively across many species, offering the 

possibility of phylogenetic as well as ontogenetic comparisons (e.g., Christie & Gentner, 2014; 

Hochmann et al., 2017; Wasserman & Young, 2010). The gold standard for evaluating relational 

ability is the Relational-Match-To-Sample (RMTS) task (given AA, choose XX over YZ; given 

BC, choose YZ over XX) developed by Premack (1983). This task has been widely used to 

assess relational ability in both developmental (Carstensen et al., 2019; Christie & Gentner, 

2014; Hochmann et al., 2017; Kroupin & Carey, 2022; Walker et al., 2016; Walker & Gopnik, 

2014) and cross-species (Fagot & Thompson, 2011; Flemming et al., 2007; Premack, 1983; 

Thompson et al., 1997; Wasserman & Young, 2010) investigations.  

In Premack’s (1983) seminal paper, he proposed the RMTS as a true test of relational 

ability, distinguishing it from two other tasks that tap into sameness and difference. The first and 

easiest task is the Match-To-Sample task (MTS; Given A, choose A over B). This task simply 

requires detecting identical matches between objects; it can be passed by many species, including 

pigeons, macaques, honeybees, and baboons (Fagot & Thompson, 2011; Flemming et al., 2007; 

Thompson et al., 1997; Wasserman & Young, 2010; Zentall et al., 2018) as well as 10-month-old 
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humans (Hochmann et al., 2016). The second task is the same/different task. In this task, the 

participant is first trained, with feedback, to classify a set of stimuli into same and different pairs 

(i.e., to make one response for AA, BB, CC etc. and a different response for AB, CD, EF etc.). If 

after mastering the training set, the participant can correctly classify novel pairs (e.g., XX, YZ 

etc.), they are considered to have passed the same/different task. Both the MTS and the 

same/different task involve training. However, the same/different task is more difficult than the 

MTS task, with fewer species achieving successful learning. For instance, pigeons can pass the 

MTS task but fail the 2-item same/different task (Wasserman & Young, 2010). An important 

distinction between the MTS and the same/different task in that success on the MTS task can be 

achieved by detecting object matches (X with X) whereas success on the same/different task 

requires the ability represent the relations same (XX) and different (YZ). Premack (1983) 

suggested that differences in the ability to form and use relational representations explain why 

fewer species succeed on the same/different task than on the MTS task.  

 The third test, the RMTS task was designed by Premack as a true test of the ability to 

recognize and match same and different relations. It is given after the subject has mastered the 

same-different task; the idea is that if a subject can fluently encode a new pair of items as same 

or different, then they will pass the RMTS task. It is ideal for developmental and cross-species 

comparisons because it does not require specialized content knowledge – only an ability to 

encode and match same and different relations. Premack hypothesized that possessing symbols 

for same and different was critical in passing this task – an idea that is consistent with many 

recent findings on the role of relational language in relational cognition (e.g., Gentner, 2016; 

Loewenstein & Gentner, 2005; Yuan et al., 2024). We return to this idea below.  
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Because of its importance as an indicator of relational ability, the RMTS has been used in 

a number of recent developmental studies. This research has considered a number of factors that 

contribute to children’s performance on this task. Among these are pretraining children to label 

figures as same or different (Christie & Gentner, 2014), pretraining on a series of matching tasks 

(Kroupin & Carey, 2022, Experiment 2), embedding the RMTS within a causal same-different 

task (Carstensen et al., 2019; Walker et al., 2016; Walker & Gopnik, 2014), and training and/or 

feedback during the RMTS task (Hochmann et al., 2017). There is also evidence that cultural and 

linguistic factors influence performance (Carstensen et al., 2019; Murphy et al., 2021).  

These studies of the supported RMTS task have provided valuable information about the 

paths through which children gain relational insight. However, our interest is in when children 

can pass the pure, unsupported RMTS. This is important, because true relational competence 

requires the ability to spontaneously notice and respond to relations in the world. We suggest that 

for this to happen, the child needs to have stored representations of same and different that can be 

accessed and used across contexts. A partial answer to the question of how children fare on the 

unsupported RMTS was provided by Christie and Gentner (2014, Experiment 1) who 

administered a same-only version of the RMTS task to 2.5-, 3.5-, and 4.5-year-old children. On 

all eight trials, children saw a standard that depicted the relation of same (e.g., two squares), 

followed by two alternatives—one depicting same and one depicting different. Children were 

asked to choose the alternative that was more like the standard. There were no training trials 

prior to the task, nor was any feedback provided during the task. The findings revealed that 4.5-

year-olds succeeded and that neither 2.5- nor 3.5-year-olds did so—suggesting that children can 
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pass the same-only RMTS by 4.5 years of age. However, these results do not tell us how children 

would fare on the full RMTS, which requires both same and different standards.  

Two studies that used both same and different standards have somewhat different results. 

Kroupin and Carey (2022, Experiment 1) gave children eight trials of the pure RMTS task (that 

is, with neither pre-training nor feedback) with half the trials having a same standard and half a 

different standard. They found that 4.5-year-olds performed below chance. Kroupin and Carey 

(2022) did not include older children, but in a related study, Hochmann and colleagues (2017, 

Experiment S1, Appendix A) tested 3-, 4-, 5-, and 6-year-olds on a task with four same and four 

different trials, with corrective feedback on each test trial. The 5- and 6-year-olds succeeded, but 

children who were four and younger failed. In another experiment, Hochmann et al. (2017, 

Experiment 2) gave 4- and 5-year-old children the full RMTS task (four same trials and four 

different trials) with eight trials of pretraining before the test. The mean age of success was 5.5 

years; again, 4-year-olds performed at chance. This discrepancy is striking given that the study 

by Hochmann et al. (2017) provided support—either pre-training or feedback—for the RMTS 

task.  

One possible reason for this discrepancy is that Christie and Gentner (2014) only 

included same trials in their study, whereas the other studies used both same and different trials. 

As Hochmann et al. (2017, page 22) pointed out, success on the same-only task “could be solved 

by learning a single rule ‘choose same’…”. Therefore, in Experiment 1 we extended the methods 

in Christie and Gentner’s (2014) study by testing three between-subject conditions: eight same 

trials, eight different trials, and four same- plus four-different trials. 
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A second motivation for this study concerns the role of same-different language. We ask 

whether possession of the relational concepts of same and different is a predictor of success in 

the RMTS task. To assess understanding of same and different, we adopted a technique used by 

Hochmann et al. (2017). On the last two trials of the RMTS, we asked children to explain their 

choice. Children who used the concepts same and/or different in their justifications were 

considered to have demonstrated productive command of the corresponding concepts. These 

manipulations will clarify whether 4-year-olds have the capacity to detect and match both same 

and different relations, and whether this capacity is associated with productive command of the 

corresponding linguistic terms or age. 

2. Experiment 1 

 The goal of this experiment is to examine (1) whether children can succeed on the 

RMTS task with standards depicting same and different relations and no training or feedback; 

and (2) whether justifying their answers with ‘same’ and ‘different’ predicts success on the 

RMTS. We tested three conditions: same-only, different-only, and full (half same and half 

different trials). Experiments 1 and 2’s design and analyses were not preregistered. All materials, 

data, and analysis code for both experiments have been made publicly available at Open Science 

Framework and can be accessed through this link. 

2.1 Methods 

2.1.1 Participants 

Before beginning data collection, the target sample size of at least 24 children in each 

condition was calculated based on the goal of obtaining a power of .80 with an alpha level of p < 

.05 and an effect size of d = .60 (Faul et al., 2007). The effect size was estimated based on the 

https://osf.io/rqwjk/?view_only=7056324f8a954251b492ddb11a444688
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effect size (d) derived from the performance of 4-year-olds who achieved success at above 

chance levels on Christie and Gentner’s (2014) RMTS task. This study was approved by the 

Institutional Review Board at a major US University (protocol number withheld for review). 

Participants were 79 4-year-old children, approximately evenly split between the three 

conditions (M = 4 years 5.5 months, range = 3 years 11 months to 4 years 11 months). For a 

detailed breakdown of participant demographics, see Supplementary Materials, Section 1.1.1. An 

additional 14 children were excluded from statistical analyses due to failure to pass all three 

catch trials (described in Section 2.1.2 below) (n = 10), experimenter error (n = 2), refusal/non-

compliance (n = 1), or parental interference (n = 1).  

Children for this and the following experiment were recruited using a voluntary 

participant pool or through local preschools in a major metropolitan city in the United States. All 

participants received a small gift for their participation. Across both experiments, the ethnic 

makeup was approximately 61% non-Latine, 13% Latine, and 26% provided no response. 

Approximately 56% were White, 12% were multiracial, 5% were Asian, 3% were Black/African 

American, 1% were Indigenous American, and the remaining 23% had no response. For the two 

experiments, approximately 73% of primary caregivers had a college degree or higher, 2% had 

some college experience, 1% had a high school diploma, and the remaining 24% had no 

response. Among the secondary caregivers, 65% had a college degree or higher, 5% had some 

college experience, 2% had some high school education, and 28% had no response.  

2.1.2 Materials 

The materials were identical to those in Christie and Gentner’s (2014) study, except for 

the additional cards required to have different standards. There were three conditions, each with 
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eight trials: same-only, different-only, and full RMTS (four same and four different) (Figure 1). 

See the Supplementary Materials, Section 1.1.1 for more details.  

 

Figure 1 
 

Sample Triads for the RMTS Task Used in Experiment 1 Depicting (A) Same and (B) Different 

Relations. For the Full Version of the RMTS Task, Half the Standards Depicted the Same 

Relation and the Other Half Depicted Different. 

 

 

 

In addition to the eight RMTS trials, three catch/MTS trials were given to verify that 

children understood the task: e.g., a blue fish as the standard with a similar red fish and a yellow 

cup as alternatives. After the catch trials, we repeated the final two RMTS triad trials where the 

child was asked to justify why they made the choice they did.  

2.1.3 Procedure 

After obtaining parental consent and the child’s verbal assent, the experimenter invited 

the child to a quiet room. The child was seated at a table across from the experimenter. On each 

trial, the experimenter placed the standard card on the table and said “Look at this one! Do you 

see this one?” Then, the experimenter placed the two alternatives below the standard and said 
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“Look at these two! Do you see these two? Which of these two is more like this one?” The child 

indicated their response by pointing to one of the two alternatives. No feedback was given apart 

from general positive encouragement. After each trial, the experimenter noted the child’s 

response on a sheet of paper. When the triad trials were complete, the three catch trials were 

administered using the same instructions as the eight RMTS trials.  

Next, children were asked to justify their choice on the last two triad trials. For these two 

justification trials, the trial was repeated and once the child indicated their response, the 

experimenter removed the non-chosen card and asked, “Why is this picture more like this one?” 

while gesturing to the two remaining cards. 

2.1.4 Coding 

For each participant, the primary coder scored all eight trials of the RMTS task, the three 

catch trials and the two justification trials. In addition, 40% of the justification trials were double 

coded for whether the child used the term same and/or different (e.g., “Because they are same 

shapes” or “Because it has 2 – because it’s both different shapes”). The two coders were unaware 

of the child’s RMTS response. Reliability was 98%, resulting in a Cohen’s kappa of .94. 

Disagreements between coders were resolved through discussion. 

2.2 Results 

All statistical analyses in the current study were performed using R and R Studio (Posit 

team, 2025) using the ‘tidyverse’ (Wickham et al., 2019), ‘stats’ (R Core Team, 2025), ‘rstatix’ 

(Kassambara, 2023), and ‘lme4’ (Bates et al., 2015) packages. A complete list of packages used 

for data cleaning and visualization can be found in the R script in this OSF repository. This 

https://osf.io/rqwjk/?view_only=7056324f8a954251b492ddb11a444688
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repository also contains an HTML report of analyses conducted for this study with complete 

regression tables. 

2.2.1 Performance on the RMTS task 

The first question asked whether 4-year-olds succeeded on the RMTS task. To answer 

this question, we conducted Wilcoxon one-sample tests and calculated the corresponding effect 

size (Wilcoxon’s r), as the dependent variable (percentage of relational match selected) showed 

evidence of non-normality based on Shapiro–Wilk tests (same-only: W = .86, p = .002; different-

only: W = .93, p = .07; full: W = .91, p = .03). The answer is yes: Children’s performance was 

significantly above chance in all three conditions of the RMTS task: same-only (M = 66.83%, SD 

= 28.71, Z = 222, p = .03 with Bonferroni correction, Wilcoxon’s r = .48), different-only (M = 

65.87%, SD = 19.86, Z = 209, p = .003 with Bonferroni correction, r = .64), and full (M = 

67.59%, SD = 24.82, Z = 218.5, p = .008 with Bonferroni correction, r = .57; see Figure 2). 

Figure 2 

 

Percentage of Relational Match Selected in Experiment 1.  
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Note. For this figure and the ones that follow, the black triangles represent the mean, and the 

whiskers are standard error bars. The grey dots represent the individual data points, and the 

violin plot indicates the density of the distribution at various points of the dependent variable.  

* p < .05, ** p < .01, *** p < .001. The red dashed line indicates chance performance. 

 

To examine whether children perform comparably across the three conditions, we 

conducted a multiple regression predicting the percentage of relational matches selected from 

condition (same-only, different-only, or full), age (in months), gender (female or male), and order 

of presentation (five orders). The overall regression model was not statistically significant, R2
 = 

.04, R2
adj = -.07, F(8, 69) = .33, p = .95, indicating that the predictors collectively did not account 

for variation in performance. Holding all other predictors constant, neither the different-only nor 

full conditions differed from the same-only condition (different-only: b = –2.26, 95% CI [–16.60, 

12.07], t(69) = –0.–.31, p = .754;, β = –.09, 95% CI [–.68, .50]; full: b = 0.14, 95% CI [–14.30, 

14.59], t(69) = 0.02, p = .984)., β = .01, 95% CI [–.59, .60]). A derived pairwise comparison 

between the different-only and full conditions, obtained by re-leveling the factor, was also 

nonsignificant, b = 2.41, 95% CI [–12.19, 17.00], t(69) = 0.33, p = .743., β = .10, 95% CI [–.50, 

.70]. None of the remaining predictors were significant (age: b = 0.45, p = .68;, β = .05, 95% CI 

[–.21, .31]; gender: b = 2.20, p = .71;, β = .09, 95% CI [–.39, .57]; order: all dummy-coded 

contrasts ps > .41, |β|s < .28). These results indicate that children performed comparably across 

all three RMTS conditions and that age was not a significant predictor of relational performance. 

2.2.2 Effects of Relational Language  

Our second goal was to test whether production of the terms ‘same’ and ‘different’ to 

justify their choice would predict success on the RMTS task. We conducted a multiple regression 

with percentage of relational match selected as the outcome variable and the number of relational 
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language justifications provided (0, 1, or 2 of 2 trials), condition (same-only, different-only, or 

full), age (in months), and gender (female or male) as predictors. Using the relational terms on 

both justification trials, relative to justifying their choices with no relational terms was marginal, 

but not a significant predictor of children’s relational performance on the RMTS task when 

holding all other predictors constant, b = 14.33, 95% CI = [-1.69, 30.35], t(68) = .351.79, p = 

.079., β = .58, 95% CI [–.07, 1.23]. Using same and different relational terms on one justification 

trial, relative to none, was also not a significant predictor of children’s relational performance on 

the RMTS task, b = .65, 95% CI = [-14.98, 16,.28], t(68) = .08, p = .934., β = .03, 95% CI [–.61, 

.66]. The descriptive statistics lend further details. Children who did not produce relational 

language showed lower accuracy and considerable variability (M = 63.8%, SD = 22.5%), 

including some who performed well on the task. Children who produced relational language on 

both trials had higher accuracy, but also showed considerable variability (M = 79.2%, SD = 

26.6%), including some who failed RMTS trials. 

2.3 Discussion 

These data provide clear evidence that children succeed on the RMTS task across all 

three condition types (same only, different only, and mixed same and different standards). 

Further, performance was similar across the three conditions; the mean proportion correct ranged 

from 65.9% to 67.6%. However, we did not find the predicted relation between spontaneous 

production of the same and different terms and performance on the RMS task. One possible 

factor here is that unlike Hochmann et al. (2017), this experiment had only eight trials. It is 

possible that with more trials, children might have found it easier to produce the relevant 

relational terms. This idea was tested in Experiment 2.  
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How do we reconcile the finding that children pass the RMTS at 4 years of age with the 

negative results from Hochmann et al. (2017) and Kroupin and Carey (2022)? There are 

differences in the materials and procedures that could have affected the results. Here we 

highlight two of these differences. Additional differences and a table comparing experimental 

details across several RMTS tasks is provided in the supplementary materials (see Section 1.2.1). 

One difference that stands out is in spatial alignability. There is evidence that spatial alignment 

fosters relational alignment, both in adults (Matlen et al., 2020; Simms et al., 2023) and in 

children (Zheng et al., 2022). In our Experiment 1, all the pairs had the same (vertical) spatial 

configuration, whereas in Hochmann et al.’s (2017) studies, the pairs within a triad varied in 

their spatial configuration, making spatial alignment more difficult (Figure 3). In Kroupin and 

Carey’s (2022) study, the figures were spatially aligned, but the configuration within a pair was 

horizontal, rather than vertical as in the current studies (Figure 4). To test whether the horizontal 

configuration diminishes performance, in Experiment 2 we presented the objects with a 

horizontal configuration. 

 

Figure 3 

 

A Sample Triad of the (A) Same and (B) Different Relations of the Full RMTS Task as Used in 

Hochmann et al. (2017). 
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Figure 4 

 

A Sample Triad of the (A) Same and (B) Different Relations of the RMTS Task as Used in 

Kroupin and Carey (2022). 

 

 
 

 

A second difference is the kinds of shapes that make up the pairs. In the current studies, 

the pairs were made up of simple shapes such as triangles, circles, and squares, which are 

familiar to children (Clements et al., 1999). The shapes were repeated across trials, though 

always with different colors and in different positions. In contrast, Hochmann et al. (2017) and 

Kroupin and Carey (2022) used unique shapes throughout. Consequently, many of the individual 
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shapes used in the stimuli were complex and unfamiliar to 4-year-olds. Prior studies have found 

that children perform worse on relational tasks when the objects instantiating the relations are 

complex rather than simple (Gentner & Rattermann, 1991; Hespos & Spelke, 2004; Kuwabara & 

Smith, 2012; Son et al., 2008) and novel rather than familiar (Anderson et al., 2018; Casasola, 

2005; Casasola & Park, 2013; Maguire et al., 2008; Son et al., 2008).  

 In summary, there are many factors that could have affected performance. However, in 

light of the variability across labs, we wanted to ensure that our results would generalize across a 

different spatial configuration. Therefore, in Experiment 2, we used horizontal rather than 

vertical pairs. In addition, we increased the number of trials from 8 to 16, enabling us to detect 

possible learning across trials.  

3. Experiment 2 

The aim of Experiment 2 was to investigate whether preschoolers can succeed on the 

RMTS task given horizontally arranged stimuli and more trials. Experiment 2 was identical to 

the Experiment 1 condition that had both same and different standards. There were two changes: 

First, we modified the materials such that the shapes within each card were aligned on a 

horizontal axis rather than a vertical axis. Second, we ran 16 trials.  

3.1 Methods 

3.1.1 Participants 

Participants were 31 4-year-old children (15 female, 16 male; M = 4;7, range = 4;3 to 

5;0). An additional 10 children were excluded from analysis for failing one or more catch trials. 

To increase the power when compared to Experiment 1, we conducted an a priori power analysis 

with the goal of obtaining a power of .90 with an alpha level of p < .05 and an effect size of d = 
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.60 (Faul et al., 2007). The resulting target sample size is approximately 32 children. This study 

was approved by the Institutional Review Board at a major US University (protocol number 

withheld for review). Families were given $20 as compensation for their participation and a 

child-sized T-shirt.  

3.1.2 Materials 

The materials were identical to those of Experiment 1 with two modifications. First, the 

stimuli were placed on a horizontal axis (Figure 5). Second, there were 16 trials.  

 

Figure 5 
 

Sample Triads from Experiment 2 with Stimuli Placed in a Horizontal Orientation. (A) Half the 

Standards Depicted the Same Relation (B) and the Rest were Different.  

 

 
 

3.1.3 Procedure 

The procedure was identical to that of Experiment 1. The only exception was that due to 

a mistake at the beginning of data collection, one participant was not administered any 

justification trials and five participants were administered only one of the two justification trials.  
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3.2 Results 

3.2.1 Performance on the RMTS task 

Similar to Experiment 1, we conducted a Wilcoxon’s one-sample t-test and calculated its 

corresponding effect size (Wilcoxon’s r) as the dependent variable (percentage of relational 

match selected) was not normally distributed. Again, 4-year-old children succeed on the RMTS 

task. Children performed at significantly above-chance levels (M = 72.18%, SD = 24.94, Z = 

338.5, p < .001, Wilcoxon’s r = .62, see Figure 6A). Examining each set of eight trials in turn, 

children performed at significantly above chance on the first set of eight trials (M = 68.55%, SD 

= 26.98, Z = 337, p = .004, Wilcoxon’s r = .88) as well as on the second set of eight trials (M = 

75.81%, SD = 25.81, Z = 350, p < .001, Wilcoxon’s r = .88) (Figure 6B).  

Figure 6 

 

Percentage of Relational Match Selected in Experiment 2 (A) Across all 16 Trials and (B) Across 

Trials 1-8 and 9-16. 
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We also asked whether children’s performance would be stable across trials of the RMTS 

task. We conducted a linear mixed-effects regression model with average percentage of 

relational match selected as the dependent variable, fixed effects of trial (first three or last three), 

age, and gender with random effects by participant. The answer is yes: Across all 16 trials, 

children’s average relational performance was similar on the first three trials when compared to 

the last three, b = 5.38, 95% CI = [-2.87, 13.63], t(56) = 1.31, p = .197, β = .17, 95% CI [-.09, 

.43] (see Table S4 in Supplementary Materials, Section 1.2). For comparability with prior studies 

which used 8 trials, we also analyzed the data from the first eight trials only. Here too, 

performance was comparable on the first three and the last three trials, b = 3.23, 95% CI = [-

7.66, 14.11], t(56) = .59, p = .555, β = .10, 95% CI [-.24, .44] (see Supplementary Materials, 

Section 1.2, Table S4). 



THE ROLE OF LANGUAGE IN FORMING SAME AND DIFFERENT  20 

 

 

Analyses were also performed on children’s performance on same vs. different trials and 

comparisons across Experiments 1 and 2. There were no significant differences in relational 

performance in any of these analyses (see Section 1.2 in Supplementary Materials). 

3.2.2 Effects of Relational Language 

Children who used the relational terms same and different in justifying their choices also 

had high accuracy on the RMTS task. We conducted a linear regression with percentage of 

relational match selected as the outcome variable and the number of same-different justifications 

(0, 1, or 2), age (in months), and gender (female or male) as predictors. Using the relational 

terms same and different on both justification trials, relative to justifying their choices with no 

relational terms, was a significant predictor of children’s relational performance on the RMTS 

task, b = 44.60, 95% CI = [23.89, 65.31], t(26) = 4.43, p < .001., β = 1.79, 95% CI [.96, 2.62]. 

Similarly, using same and different relational terms on one justification trial, relative to none, 

was also a significant predictor of children’s relational performance on the RMTS task, b = 

29.66, 95% CI = [12.06, 47.25], t(26) = 3.47, p = .002., β = 1.19, 95% CI [.48, 1.89]. The 

descriptive statistics lend further details. Children who did not produce relational language 

revealed lower accuracy and considerable variability (M = 58.0%, SD = 20.4%) including some 

who performed well on the task. In contrast, children who produced relational language on both 

trials had a much higher accuracy and very little variability (M = 97.9%, SD = 5.1%).  

 

3.3 Discussion 

We found that 4-year-old children succeeded at the RMTS task with horizontal 

configurations of stimuli, just as they did with vertical configurations in Experiment 1. As 
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predicted, children who produced same and different terms to justify their choices demonstrated 

significantly better relational performance than those who did not. These findings are consistent 

with the idea that command of the relevant relational concepts is associated with better 

performance on the RMTS, and that spontaneous production of the corresponding relational 

terms may be a better predictor of performance on the RMTS task than age. Consistent with this 

suggestion, children’s performance in our studies was high and remained stable throughout 

trials—suggesting that they likely possessed the same/different concepts prior to participating in 

the experiment.  

Experiment 2 found that spontaneous relational language production predicted success on 

the task. However, this is qualified by further inspection that revealed that producing these words 

was merely correlated with performance, it was not necessary. For example, there were children 

who produced relational language but failed the RMTS trials and the reverse; there were children 

who did not produce relational language but succeeded on the RMTS trials.   

4. General Discussion 

The results of these two experiments provide clear evidence that 4-year-old children can 

succeed on the pure RMTS task—that is, the RMTS without training or feedback. These 

experiments also show that the production of same/different language during the justification 

trials predicts success on the task. We suggest that command of the relational concepts same and 

different plays a key role in success on the RMTS. 

Prior work in this area has also found support for this idea. Hochmann et al. (2017) asked 

children to justify their response on the last two trials (a technique we adopted in the present 

studies). Despite some differences in methods and in the age of success, they also found that the 
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use of same/different language predicted performance on the RMTS task, and concluded that the 

ability to recruit same and different concepts is an important factor in success on the RMTS. 

Christie and Gentner (2014) took a direct approach by teaching younger children the terms same 

and different. They gave 2- and 3-year-olds—who normally fail the same-only RMTS—a 

pretraining task in which they labeled pairs of items as “same” or “different” and received 

feedback. With this training, 3-year-old children went on to pass the same-only RMTS. Other 

developmental studies have also found effects of relational language on cognition (Gentner et al., 

2013; Gentner & Rattermann, 1991; Loewenstein & Gentner, 2005; Pyers et al., 2010; Yuan et 

al., 2024). 

However, we are not arguing that age is irrelevant. Indeed, it is possible that there are 

limitations on when the concepts same and different can be understood. For example, in Christie 

and Gentner’s (2014) training study, there was an age effect in grasping the same-different 

language. Whereas 3-year-olds succeeded in the naming task after an average of 11 pairs, nearly 

all 2-year-olds failed the naming task, even after 24 pairs (and also failed the RMTS task). Thus, 

there could be maturational limits on when such concepts are possible. However, recent findings 

call the idea of age limits into question. For example, Walker and colleagues have found that 18-

month-old infants can learn same-different relations when given a causal learning task 

(Carstensen et al., 2019; Walker et al., 2016; Walker & Gopnik, 2014). Indeed, even infants 

under a year old have shown the ability to form same and different concepts (Anderson et al., 

2018; Ferry et al., 2015). 

At this juncture, it may seem puzzling that 3-year-olds fail the RMTS without special 

support, yet 7- and 9-month-old infants, and even 3-month-olds, can form abstract concepts of 
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same and different (Anderson et al., 2018; Ferry et al., 2015; Hespos et al., 2021). The 

explanation lies in the degree of support given. The method in the infant studies is habituation to 

just one relation (either same or different), instantiated over a small set of exemplars. The infants 

require perfect spatial alignment, multiple repeated trials, and short retention for successful 

learning. Under these conditions, 7-, 9- and even 3-month-olds can form an abstraction of same, 

as evidenced by significantly looking longer at a novel different pair compared to a novel same 

pair (or the reverse, if habituated to different pairs). These findings suggest that the mechanism 

for relational alignment is available early and is capable of abstracting relations through a series 

of readily comparable examples. However, we believe these abstractions are quite fleeting in the 

infants; we have no evidence that they retain the same or different concept after the study. 

In contrast, toHochmann et al. (2017) found that 3- and 4-year-old children, like pigeons, 

fail 2-item array-match-to-sample (RMTS) tasks but succeed with 16-item arrays. Success by 

preschool children and pigeons on the 16-item display is attributed to encoding entropy (defined 

as the internal variability of an array). In contrast, older children and adults can detect the 

relation of same/different between pairs of objects. Although entropy-based accounts have been 

proposed (e.g., Glorioso et al., 2021), in the pure version of the RMTS task used in this study, 

there is strong evidence that success cannot be achieved using entropy perception, as the entropy 

of a same pair (0) and that of a different pair (1) are not sufficiently different to be detected given 

our method (i.e., presenting eight RMTS trials without practice or feedback). There is debate 

over whether a human or pigeon could be trained to detect this difference, but there is general 

agreement that any such training would require many hundreds or thousands of trials. There is an 

excellent discussion of this issue in Hochmann et al. (2017) (p. 19 and following). 
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To succeed on the pure RMTS requires that the child have well-established 

representations of same and different that can be spontaneously recruited to encode novel stimuli 

(Gentner et al., 2021). Consistent with this claim, we saw no learning across trials in the present 

studies, even with 16 items – suggesting that children who succeeded had the relational concept 

of same and different prior to the experiment. In other words, the RMTS task tests whether the 

relational concept has become part of one’s cognitive arsenal, sufficiently entrenched as to be 

spontaneously accessible.  

Our findings are parallel to those of Premack (1983). In his studies, three chimpanzees 

taught to use a physical symbol system (which included symbols for same and different) passed 

the RMTS, while two animals not trained on symbols failed (see also Thompson et al., 1997). 

Premack’s studies led him to argue that language (or some other symbol system) is critical in 

permitting a chimpanzee to engage in  “…abstract judgment, as in analogical reasoning, 

matching proportions of physically unlike exemplars, and completing incomplete (external) 

representations of action.” (Premack, 1983, page 125). We suggest that this comment is equally 

true for our species. 

This paper is unusual in its focus on the simple unsupported RMTS. Despite the interest 

in relational learning, there are very few RMTS studies that have no training. As reviewed here, 

among primates, only humans and chimpanzees with extensive symbol training have shown 

success in the pure RMTS task (Experiments 1 & 2; Christie & Gentner, 2010, 2014; Premack, 

1983; Thompson & Oden, 2000). Experiment 1 and 2 show that production of relational 

language is the best proxy for possessing this concept.  
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In the larger context, it is possible to argue that living in a society that embraces literacy 

and numeracy could constitute relational training. With this view, it becomes possible to argue 

that, like Premack’s chimpanzees, the children in our studies have already been given training in 

relational symbol system prior to coming to our labs. This continuity view is consistent with the 

idea that relational learning in infancy through adulthood operates by a single underlying 

structure-mapping mechanism and the varied results represent a continuum in the type of training 

necessary to form the abstract relation. This view suggests that the change in cognition across 

development is one of elaboration and refinement.  

4.1 Summary 

In sum, the present findings demonstrate that preschoolers can succeed on the RMTS task 

without training. Whether the pairs were presented vertically or horizontally, 4-year-olds chose 

the relational alternative at above-chance rates. A key conclusion from these studies is the 

importance of having accessible same/different concepts in supporting this insight. The results 

from the present studies converge with those of Hochmann and colleagues (2017) in underlining 

the powerful role of relational terms. William James (1890) stated that the “sense of sameness is 

the very keel and backbone of our thinking” (p. 459). The present findings help clarify when and 

how that comes about. 
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Abstract 

Relational ability – the ability to compare situations or ideas and discover common 

relations – is key to our capacity for higher-order cognition. The Relational-Match-to-Sample 

task (RMTS) is the gold standard to evaluate relational ability, yet recent reports conflict on 

when and how this ability emerges. Here, we focus on a version of the task in which children 

receive no training or feedback and ask whether possessing the relational concepts same and 

different is the key to success. We present two experiments that found 4-year-old children 

succeeded on three RMTS conditions aligned on the vertical axis (N = 79; 39 female and 40 

male; 52% White; Wilcoxon’s r >= .48) and one on the horizontal axis (N = 31; 15 female and 

16 male; 73% White; r = .62). Across both experiments, children who justified their choices 

using relational language performed better on the RMTS task. We conclude that possession of 

the same/different concept is the key to success on the RMTS and production of relational 

language to justify performance is a better predictor than age for indicating possession of the 

concept. 

Keywords: relational reasoning; analogy; early childhood; cognitive development; abstract 

learning 

 

1. Introduction 

A major component of human intelligence is our ability to perceive relations between 

objects, events, or ideas and transfer those relations to new situations. We use this ability every 

day. For example, you navigate through a new city by mentally aligning the image on your 

phone’s map with real-life landmarks and streets. Relational ability is the vital foundation for 
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effective learning, particularly in mathematics and science (e.g., Green et al., 2017; Jee et al., 

2013; Mix et al., 2024). Thus, clarifying how relational abilities emerge and develop is key to 

understanding why some children learn more readily than others and how best to support this 

ability in all children. 

To study relational ability at its core, we focus on same and different relations—the 

fundamental building blocks of relational matching. These relations are fundamental both for 

concept formation and everyday reasoning, are perceptually available to young children and 

nonhuman animals, and have been studied extensively across many species, offering the 

possibility of phylogenetic as well as ontogenetic comparisons (e.g., Christie & Gentner, 2014; 

Hochmann et al., 2017; Wasserman & Young, 2010). The gold standard for evaluating relational 

ability is the Relational-Match-To-Sample (RMTS) task (given AA, choose XX over YZ; given 

BC, choose YZ over XX) developed by Premack (1983). This task has been widely used to 

assess relational ability in both developmental (Carstensen et al., 2019; Christie & Gentner, 

2014; Hochmann et al., 2017; Kroupin & Carey, 2022; Walker et al., 2016; Walker & Gopnik, 

2014) and cross-species (Fagot & Thompson, 2011; Flemming et al., 2007; Premack, 1983; 

Thompson et al., 1997; Wasserman & Young, 2010) investigations.  

In Premack’s (1983) seminal paper, he proposed the RMTS as a true test of relational 

ability, distinguishing it from two other tasks that tap into sameness and difference. The first and 

easiest task is the Match-To-Sample task (MTS; Given A, choose A over B). This task simply 

requires detecting identical matches between objects; it can be passed by many species, including 

pigeons, macaques, honeybees, and baboons (Fagot & Thompson, 2011; Flemming et al., 2007; 

Thompson et al., 1997; Wasserman & Young, 2010; Zentall et al., 2018) as well as 10-month-old 
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humans (Hochmann et al., 2016). The second task is the same/different task. In this task, the 

participant is first trained, with feedback, to classify a set of stimuli into same and different pairs 

(i.e., to make one response for AA, BB, CC etc. and a different response for AB, CD, EF etc.). If 

after mastering the training set, the participant can correctly classify novel pairs (e.g., XX, YZ 

etc.), they are considered to have passed the same/different task. Both the MTS and the 

same/different task involve training. However, the same/different task is more difficult than the 

MTS task, with fewer species achieving successful learning. For instance, pigeons can pass the 

MTS task but fail the 2-item same/different task (Wasserman & Young, 2010). An important 

distinction between the MTS and the same/different task in that success on the MTS task can be 

achieved by detecting object matches (X with X) whereas success on the same/different task 

requires the ability represent the relations same (XX) and different (YZ). Premack (1983) 

suggested that differences in the ability to form and use relational representations explain why 

fewer species succeed on the same/different task than on the MTS task.  

 The third test, the RMTS task was designed by Premack as a true test of the ability to 

recognize and match same and different relations. It is given after the subject has mastered the 

same-different task; the idea is that if a subject can fluently encode a new pair of items as same 

or different, then they will pass the RMTS task. It is ideal for developmental and cross-species 

comparisons because it does not require specialized content knowledge – only an ability to 

encode and match same and different relations. Premack hypothesized that possessing symbols 

for same and different was critical in passing this task – an idea that is consistent with many 

recent findings on the role of relational language in relational cognition (e.g., Gentner, 2016; 

Loewenstein & Gentner, 2005; Yuan et al., 2024). We return to this idea below.  
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Because of its importance as an indicator of relational ability, the RMTS has been used in 

a number of recent developmental studies. This research has considered a number of factors that 

contribute to children’s performance on this task. Among these are pretraining children to label 

figures as same or different (Christie & Gentner, 2014), pretraining on a series of matching tasks 

(Kroupin & Carey, 2022, Experiment 2), embedding the RMTS within a causal same-different 

task (Carstensen et al., 2019; Walker et al., 2016; Walker & Gopnik, 2014), and training and/or 

feedback during the RMTS task (Hochmann et al., 2017). There is also evidence that cultural and 

linguistic factors influence performance (Carstensen et al., 2019; Murphy et al., 2021).  

These studies of the supported RMTS task have provided valuable information about the 

paths through which children gain relational insight. However, our interest is in when children 

can pass the pure, unsupported RMTS. This is important, because true relational competence 

requires the ability to spontaneously notice and respond to relations in the world. We suggest that 

for this to happen, the child needs to have stored representations of same and different that can be 

accessed and used across contexts. A partial answer to the question of how children fare on the 

unsupported RMTS was provided by Christie and Gentner (2014, Experiment 1) who 

administered a same-only version of the RMTS task to 2.5-, 3.5-, and 4.5-year-old children. On 

all eight trials, children saw a standard that depicted the relation of same (e.g., two squares), 

followed by two alternatives—one depicting same and one depicting different. Children were 

asked to choose the alternative that was more like the standard. There were no training trials 

prior to the task, nor was any feedback provided during the task. The findings revealed that 4.5-

year-olds succeeded and that neither 2.5- nor 3.5-year-olds did so—suggesting that children can 
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pass the same-only RMTS by 4.5 years of age. However, these results do not tell us how children 

would fare on the full RMTS, which requires both same and different standards.  

Two studies that used both same and different standards have somewhat different results. 

Kroupin and Carey (2022, Experiment 1) gave children eight trials of the pure RMTS task (that 

is, with neither pre-training nor feedback) with half the trials having a same standard and half a 

different standard. They found that 4.5-year-olds performed below chance. Kroupin and Carey 

(2022) did not include older children, but in a related study, Hochmann and colleagues (2017, 

Experiment S1, Appendix A) tested 3-, 4-, 5-, and 6-year-olds on a task with four same and four 

different trials, with corrective feedback on each test trial. The 5- and 6-year-olds succeeded, but 

children who were four and younger failed. In another experiment, Hochmann et al. (2017, 

Experiment 2) gave 4- and 5-year-old children the full RMTS task (four same trials and four 

different trials) with eight trials of pretraining before the test. The mean age of success was 5.5 

years; again, 4-year-olds performed at chance. This discrepancy is striking given that the study 

by Hochmann et al. (2017) provided support—either pre-training or feedback—for the RMTS 

task.  

One possible reason for this discrepancy is that Christie and Gentner (2014) only 

included same trials in their study, whereas the other studies used both same and different trials. 

As Hochmann et al. (2017, page 22) pointed out, success on the same-only task “could be solved 

by learning a single rule ‘choose same’…”. Therefore, in Experiment 1 we extended the methods 

in Christie and Gentner’s (2014) study by testing three between-subject conditions: eight same 

trials, eight different trials, and four same- plus four-different trials. 
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A second motivation for this study concerns the role of same-different language. We ask 

whether possession of the relational concepts of same and different is a predictor of success in 

the RMTS task. To assess understanding of same and different, we adopted a technique used by 

Hochmann et al. (2017). On the last two trials of the RMTS, we asked children to explain their 

choice. Children who used the concepts same and/or different in their justifications were 

considered to have demonstrated productive command of the corresponding concepts. These 

manipulations will clarify whether 4-year-olds have the capacity to detect and match both same 

and different relations, and whether this capacity is associated with productive command of the 

corresponding linguistic terms or age. 

2. Experiment 1 

 The goal of this experiment is to examine (1) whether children can succeed on the 

RMTS task with standards depicting same and different relations and no training or feedback; 

and (2) whether justifying their answers with ‘same’ and ‘different’ predicts success on the 

RMTS. We tested three conditions: same-only, different-only, and full (half same and half 

different trials). Experiments 1 and 2’s design and analyses were not preregistered. All materials, 

data, and analysis code for both experiments have been made publicly available at Open Science 

Framework and can be accessed through this link. 

2.1 Methods 

2.1.1 Participants 

Before beginning data collection, the target sample size of at least 24 children in each 

condition was calculated based on the goal of obtaining a power of .80 with an alpha level of p < 

.05 and an effect size of d = .60 (Faul et al., 2007). The effect size was estimated based on the 

https://osf.io/rqwjk/?view_only=7056324f8a954251b492ddb11a444688
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effect size (d) derived from the performance of 4-year-olds who achieved success at above 

chance levels on Christie and Gentner’s (2014) RMTS task. This study was approved by the 

Institutional Review Board at a major US University (protocol number withheld for review). 

Participants were 79 4-year-old children, approximately evenly split between the three 

conditions (M = 4 years 5.5 months, range = 3 years 11 months to 4 years 11 months). For a 

detailed breakdown of participant demographics, see Supplementary Materials, Section 1.1.1. An 

additional 14 children were excluded from statistical analyses due to failure to pass all three 

catch trials (described in Section 2.1.2 below) (n = 10), experimenter error (n = 2), refusal/non-

compliance (n = 1), or parental interference (n = 1).  

Children for this and the following experiment were recruited using a voluntary 

participant pool or through local preschools in a major metropolitan city in the United States. All 

participants received a small gift for their participation. Across both experiments, the ethnic 

makeup was approximately 61% non-Latine, 13% Latine, and 26% provided no response. 

Approximately 56% were White, 12% were multiracial, 5% were Asian, 3% were Black/African 

American, 1% were Indigenous American, and the remaining 23% had no response. For the two 

experiments, approximately 73% of primary caregivers had a college degree or higher, 2% had 

some college experience, 1% had a high school diploma, and the remaining 24% had no 

response. Among the secondary caregivers, 65% had a college degree or higher, 5% had some 

college experience, 2% had some high school education, and 28% had no response.  

2.1.2 Materials 

The materials were identical to those in Christie and Gentner’s (2014) study, except for 

the additional cards required to have different standards. There were three conditions, each with 
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eight trials: same-only, different-only, and full RMTS (four same and four different) (Figure 1). 

See the Supplementary Materials, Section 1.1.1 for more details.  

 

Figure 1 
 

Sample Triads for the RMTS Task Used in Experiment 1 Depicting (A) Same and (B) Different 

Relations. For the Full Version of the RMTS Task, Half the Standards Depicted the Same 

Relation and the Other Half Depicted Different. 

 

 

 

In addition to the eight RMTS trials, three catch/MTS trials were given to verify that 

children understood the task: e.g., a blue fish as the standard with a similar red fish and a yellow 

cup as alternatives. After the catch trials, we repeated the final two RMTS triad trials where the 

child was asked to justify why they made the choice they did.  

2.1.3 Procedure 

After obtaining parental consent and the child’s verbal assent, the experimenter invited 

the child to a quiet room. The child was seated at a table across from the experimenter. On each 

trial, the experimenter placed the standard card on the table and said “Look at this one! Do you 

see this one?” Then, the experimenter placed the two alternatives below the standard and said 
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“Look at these two! Do you see these two? Which of these two is more like this one?” The child 

indicated their response by pointing to one of the two alternatives. No feedback was given apart 

from general positive encouragement. After each trial, the experimenter noted the child’s 

response on a sheet of paper. When the triad trials were complete, the three catch trials were 

administered using the same instructions as the eight RMTS trials.  

Next, children were asked to justify their choice on the last two triad trials. For these two 

justification trials, the trial was repeated and once the child indicated their response, the 

experimenter removed the non-chosen card and asked, “Why is this picture more like this one?” 

while gesturing to the two remaining cards. 

2.1.4 Coding 

For each participant, the primary coder scored all eight trials of the RMTS task, the three 

catch trials and the two justification trials. In addition, 40% of the justification trials were double 

coded for whether the child used the term same and/or different (e.g., “Because they are same 

shapes” or “Because it has 2 – because it’s both different shapes”). The two coders were unaware 

of the child’s RMTS response. Reliability was 98%, resulting in a Cohen’s kappa of .94. 

Disagreements between coders were resolved through discussion. 

2.2 Results 

All statistical analyses in the current study were performed using R and R Studio (Posit 

team, 2025) using the ‘tidyverse’ (Wickham et al., 2019), ‘stats’ (R Core Team, 2025), ‘rstatix’ 

(Kassambara, 2023), and ‘lme4’ (Bates et al., 2015) packages. A complete list of packages used 

for data cleaning and visualization can be found in the R script in this OSF repository. This 

https://osf.io/rqwjk/?view_only=7056324f8a954251b492ddb11a444688
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repository also contains an HTML report of analyses conducted for this study with complete 

regression tables. 

2.2.1 Performance on the RMTS task 

The first question asked whether 4-year-olds succeeded on the RMTS task. To answer 

this question, we conducted Wilcoxon one-sample tests and calculated the corresponding effect 

size (Wilcoxon’s r), as the dependent variable (percentage of relational match selected) showed 

evidence of non-normality based on Shapiro–Wilk tests (same-only: W = .86, p = .002; different-

only: W = .93, p = .07; full: W = .91, p = .03). The answer is yes: Children’s performance was 

significantly above chance in all three conditions of the RMTS task: same-only (M = 66.83%, SD 

= 28.71, Z = 222, p = .03 with Bonferroni correction, Wilcoxon’s r = .48), different-only (M = 

65.87%, SD = 19.86, Z = 209, p = .003 with Bonferroni correction, r = .64), and full (M = 

67.59%, SD = 24.82, Z = 218.5, p = .008 with Bonferroni correction, r = .57; see Figure 2). 

Figure 2 

 

Percentage of Relational Match Selected in Experiment 1.  
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Note. For this figure and the ones that follow, the black triangles represent the mean, and the 

whiskers are standard error bars. The grey dots represent the individual data points, and the 

violin plot indicates the density of the distribution at various points of the dependent variable.  

* p < .05, ** p < .01, *** p < .001. The red dashed line indicates chance performance. 

 

To examine whether children perform comparably across the three conditions, we 

conducted a multiple regression predicting the percentage of relational matches selected from 

condition (same-only, different-only, or full), age (in months), gender (female or male), and order 

of presentation (five orders). The overall regression model was not statistically significant, R2
 = 

.04, R2
adj = -.07, F(8, 69) = .33, p = .95, indicating that the predictors collectively did not account 

for variation in performance. Holding all other predictors constant, neither the different-only nor 

full conditions differed from the same-only condition (different-only: b = –2.26, 95% CI [–16.60, 

12.07], t(69) = –.31, p = .754, β = –.09, 95% CI [–.68, .50]; full: b = .14, 95% CI [–14.30, 14.59], 

t(69) = .02, p = .984, β = .01, 95% CI [–.59, .60]). A derived pairwise comparison between the 

different-only and full conditions, obtained by re-leveling the factor, was also nonsignificant, b = 

2.41, 95% CI [–12.19, 17.00], t(69) = .33, p = .743, β = .10, 95% CI [–.50, .70]. None of the 

remaining predictors were significant (age: b = .45, p = .68, β = .05, 95% CI [–.21, .31]; gender: 

b = 2.20, p = .71, β = .09, 95% CI [–.39, .57]; order: all dummy-coded contrasts ps > .41, |β|s < 

.28). These results indicate that children performed comparably across all three RMTS 

conditions and that age was not a significant predictor of relational performance. 

2.2.2 Effects of Relational Language  

Our second goal was to test whether production of the terms ‘same’ and ‘different’ to 

justify their choice would predict success on the RMTS task. We conducted a multiple regression 

with percentage of relational match selected as the outcome variable and the number of relational 
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language justifications provided (0, 1, or 2 of 2 trials), condition (same-only, different-only, or 

full), age (in months), and gender (female or male) as predictors. Using the relational terms on 

both justification trials, relative to justifying their choices with no relational terms was marginal, 

but not a significant predictor of children’s relational performance on the RMTS task when 

holding all other predictors constant, b = 14.33, 95% CI [-1.69, 30.35], t(68) = 1.79, p = .079, β = 

.58, 95% CI [–.07, 1.23]. Using same and different relational terms on one justification trial, 

relative to none, was also not a significant predictor of children’s relational performance on the 

RMTS task, b = .65, 95% CI [-14.98, 16.28], t(68) = .08, p = .934, β = .03, 95% CI [–.61, .66]. 

The descriptive statistics lend further details. Children who did not produce relational language 

showed lower accuracy and considerable variability (M = 63.8%, SD = 22.5%), including some 

who performed well on the task. Children who produced relational language on both trials had 

higher accuracy, but also showed considerable variability (M = 79.2%, SD = 26.6%), including 

some who failed RMTS trials. 

2.3 Discussion 

These data provide clear evidence that children succeed on the RMTS task across all 

three condition types (same only, different only, and mixed same and different standards). 

Further, performance was similar across the three conditions; the mean proportion correct ranged 

from 65.9% to 67.6%. However, we did not find the predicted relation between spontaneous 

production of the same and different terms and performance on the RMS task. One possible 

factor here is that unlike Hochmann et al. (2017), this experiment had only eight trials. It is 

possible that with more trials, children might have found it easier to produce the relevant 

relational terms. This idea was tested in Experiment 2.  
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How do we reconcile the finding that children pass the RMTS at 4 years of age with the 

negative results from Hochmann et al. (2017) and Kroupin and Carey (2022)? There are 

differences in the materials and procedures that could have affected the results. Here we 

highlight two of these differences. Additional differences and a table comparing experimental 

details across several RMTS tasks is provided in the supplementary materials (see Section 1.2.1). 

One difference that stands out is in spatial alignability. There is evidence that spatial alignment 

fosters relational alignment, both in adults (Matlen et al., 2020; Simms et al., 2023) and in 

children (Zheng et al., 2022). In our Experiment 1, all the pairs had the same (vertical) spatial 

configuration, whereas in Hochmann et al.’s (2017) studies, the pairs within a triad varied in 

their spatial configuration, making spatial alignment more difficult (Figure 3). In Kroupin and 

Carey’s (2022) study, the figures were spatially aligned, but the configuration within a pair was 

horizontal, rather than vertical as in the current studies (Figure 4). To test whether the horizontal 

configuration diminishes performance, in Experiment 2 we presented the objects with a 

horizontal configuration. 

 

Figure 3 

 

A Sample Triad of the (A) Same and (B) Different Relations of the Full RMTS Task as Used in 

Hochmann et al. (2017). 
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Figure 4 

 

A Sample Triad of the (A) Same and (B) Different Relations of the RMTS Task as Used in 

Kroupin and Carey (2022). 

 

 
 

 

A second difference is the kinds of shapes that make up the pairs. In the current studies, 

the pairs were made up of simple shapes such as triangles, circles, and squares, which are 

familiar to children (Clements et al., 1999). The shapes were repeated across trials, though 

always with different colors and in different positions. In contrast, Hochmann et al. (2017) and 

Kroupin and Carey (2022) used unique shapes throughout. Consequently, many of the individual 
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shapes used in the stimuli were complex and unfamiliar to 4-year-olds. Prior studies have found 

that children perform worse on relational tasks when the objects instantiating the relations are 

complex rather than simple (Gentner & Rattermann, 1991; Hespos & Spelke, 2004; Kuwabara & 

Smith, 2012; Son et al., 2008) and novel rather than familiar (Anderson et al., 2018; Casasola, 

2005; Casasola & Park, 2013; Maguire et al., 2008; Son et al., 2008).  

 In summary, there are many factors that could have affected performance. However, in 

light of the variability across labs, we wanted to ensure that our results would generalize across a 

different spatial configuration. Therefore, in Experiment 2, we used horizontal rather than 

vertical pairs. In addition, we increased the number of trials from 8 to 16, enabling us to detect 

possible learning across trials.  

3. Experiment 2 

The aim of Experiment 2 was to investigate whether preschoolers can succeed on the 

RMTS task given horizontally arranged stimuli and more trials. Experiment 2 was identical to 

the Experiment 1 condition that had both same and different standards. There were two changes: 

First, we modified the materials such that the shapes within each card were aligned on a 

horizontal axis rather than a vertical axis. Second, we ran 16 trials.  

3.1 Methods 

3.1.1 Participants 

Participants were 31 4-year-old children (15 female, 16 male; M = 4;7, range = 4;3 to 

5;0). An additional 10 children were excluded from analysis for failing one or more catch trials. 

To increase the power when compared to Experiment 1, we conducted an a priori power analysis 

with the goal of obtaining a power of .90 with an alpha level of p < .05 and an effect size of d = 
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.60 (Faul et al., 2007). The resulting target sample size is approximately 32 children. This study 

was approved by the Institutional Review Board at a major US University (protocol number 

withheld for review). Families were given $20 as compensation for their participation and a 

child-sized T-shirt.  

3.1.2 Materials 

The materials were identical to those of Experiment 1 with two modifications. First, the 

stimuli were placed on a horizontal axis (Figure 5). Second, there were 16 trials.  

 

Figure 5 
 

Sample Triads from Experiment 2 with Stimuli Placed in a Horizontal Orientation. (A) Half the 

Standards Depicted the Same Relation (B) and the Rest were Different.  

 

 
 

3.1.3 Procedure 

The procedure was identical to that of Experiment 1. The only exception was that due to 

a mistake at the beginning of data collection, one participant was not administered any 

justification trials and five participants were administered only one of the two justification trials.  
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3.2 Results 

3.2.1 Performance on the RMTS task 

Similar to Experiment 1, we conducted a Wilcoxon’s one-sample test and calculated its 

corresponding effect size (Wilcoxon’s r) as the dependent variable (percentage of relational 

match selected) was not normally distributed. Again, 4-year-old children succeed on the RMTS 

task. Children performed at significantly above-chance levels (M = 72.18%, SD = 24.94, Z = 

338.5, p < .001, Wilcoxon’s r = .62, see Figure 6A). Examining each set of eight trials in turn, 

children performed at significantly above chance on the first set of eight trials (M = 68.55%, SD 

= 26.98, Z = 337, p = .004, Wilcoxon’s r = .88) as well as on the second set of eight trials (M = 

75.81%, SD = 25.81, Z = 350, p < .001, Wilcoxon’s r = .88) (Figure 6B).  

Figure 6 

 

Percentage of Relational Match Selected in Experiment 2 (A) Across all 16 Trials and (B) Across 

Trials 1-8 and 9-16. 
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We also asked whether children’s performance would be stable across trials of the RMTS 

task. We conducted a linear mixed-effects regression model with average percentage of 

relational match selected as the dependent variable, fixed effects of trial (first three or last three), 

age, and gender with random effects by participant. The answer is yes: Across all 16 trials, 

children’s average relational performance was similar on the first three trials when compared to 

the last three, b = 5.38, 95% CI [-2.87, 13.63], t(56) = 1.31, p = .197, β = .17, 95% CI [-.09, .43] 

(see Table S4 in Supplementary Materials, Section 1.2). For comparability with prior studies 

which used 8 trials, we also analyzed the data from the first eight trials only. Here too, 

performance was comparable on the first three and the last three trials, b = 3.23, 95% CI [-7.66, 

14.11], t(56) = .59, p = .555, β = .10, 95% CI [-.24, .44] (see Supplementary Materials, Section 

1.2, Table S4). 
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Analyses were also performed on children’s performance on same vs. different trials and 

comparisons across Experiments 1 and 2. There were no significant differences in relational 

performance in any of these analyses (see Section 1.2 in Supplementary Materials). 

3.2.2 Effects of Relational Language 

Children who used the relational terms same and different in justifying their choices also 

had high accuracy on the RMTS task. We conducted a linear regression with percentage of 

relational match selected as the outcome variable and the number of same-different justifications 

(0, 1, or 2), age (in months), and gender (female or male) as predictors. Using the relational 

terms same and different on both justification trials, relative to justifying their choices with no 

relational terms, was a significant predictor of children’s relational performance on the RMTS 

task, b = 44.60, 95% CI [23.89, 65.31], t(26) = 4.43, p < .001, β = 1.79, 95% CI [.96, 2.62]. 

Similarly, using same and different relational terms on one justification trial, relative to none, 

was also a significant predictor of children’s relational performance on the RMTS task, b = 

29.66, 95% CI [12.06, 47.25], t(26) = 3.47, p = .002, β = 1.19, 95% CI [.48, 1.89]. The 

descriptive statistics lend further details. Children who did not produce relational language 

revealed lower accuracy and considerable variability (M = 58.0%, SD = 20.4%) including some 

who performed well on the task. In contrast, children who produced relational language on both 

trials had a much higher accuracy and very little variability (M = 97.9%, SD = 5.1%).  

 

3.3 Discussion 

We found that 4-year-old children succeeded at the RMTS task with horizontal 

configurations of stimuli, just as they did with vertical configurations in Experiment 1. As 
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predicted, children who produced same and different terms to justify their choices demonstrated 

significantly better relational performance than those who did not. These findings are consistent 

with the idea that command of the relevant relational concepts is associated with better 

performance on the RMTS, and that spontaneous production of the corresponding relational 

terms may be a better predictor of performance on the RMTS task than age. Consistent with this 

suggestion, children’s performance in our studies was high and remained stable throughout 

trials—suggesting that they likely possessed the same/different concepts prior to participating in 

the experiment.  

Experiment 2 found that spontaneous relational language production predicted success on 

the task. However, this is qualified by further inspection that revealed that producing these words 

was merely correlated with performance, it was not necessary. For example, there were children 

who produced relational language but failed the RMTS trials and the reverse; there were children 

who did not produce relational language but succeeded on the RMTS trials.   

4. General Discussion 

The results of these two experiments provide clear evidence that 4-year-old children can 

succeed on the pure RMTS task—that is, the RMTS without training or feedback. These 

experiments also show that the production of same/different language during the justification 

trials predicts success on the task. We suggest that command of the relational concepts same and 

different plays a key role in success on the RMTS. 

Prior work in this area has also found support for this idea. Hochmann et al. (2017) asked 

children to justify their response on the last two trials (a technique we adopted in the present 

studies). Despite some differences in methods and in the age of success, they also found that the 
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use of same/different language predicted performance on the RMTS task, and concluded that the 

ability to recruit same and different concepts is an important factor in success on the RMTS. 

Christie and Gentner (2014) took a direct approach by teaching younger children the terms same 

and different. They gave 2- and 3-year-olds—who normally fail the same-only RMTS—a 

pretraining task in which they labeled pairs of items as “same” or “different” and received 

feedback. With this training, 3-year-old children went on to pass the same-only RMTS. Other 

developmental studies have also found effects of relational language on cognition (Gentner et al., 

2013; Gentner & Rattermann, 1991; Loewenstein & Gentner, 2005; Pyers et al., 2010; Yuan et 

al., 2024). 

However, we are not arguing that age is irrelevant. Indeed, it is possible that there are 

limitations on when the concepts same and different can be understood. For example, in Christie 

and Gentner’s (2014) training study, there was an age effect in grasping the same-different 

language. Whereas 3-year-olds succeeded in the naming task after an average of 11 pairs, nearly 

all 2-year-olds failed the naming task, even after 24 pairs (and also failed the RMTS task). Thus, 

there could be maturational limits on when such concepts are possible. However, recent findings 

call the idea of age limits into question. For example, Walker and colleagues have found that 18-

month-old infants can learn same-different relations when given a causal learning task 

(Carstensen et al., 2019; Walker et al., 2016; Walker & Gopnik, 2014). Indeed, even infants 

under a year old have shown the ability to form same and different concepts (Anderson et al., 

2018; Ferry et al., 2015). 

At this juncture, it may seem puzzling that 3-year-olds fail the RMTS without special 

support, yet 7- and 9-month-old infants, and even 3-month-olds, can form abstract concepts of 
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same and different (Anderson et al., 2018; Ferry et al., 2015; Hespos et al., 2021). The 

explanation lies in the degree of support given. The method in the infant studies is habituation to 

just one relation (either same or different), instantiated over a small set of exemplars. The infants 

require perfect spatial alignment, multiple repeated trials, and short retention for successful 

learning. Under these conditions, 7-, 9- and even 3-month-olds can form an abstraction of same, 

as evidenced by significantly looking longer at a novel different pair compared to a novel same 

pair (or the reverse, if habituated to different pairs). These findings suggest that the mechanism 

for relational alignment is available early and is capable of abstracting relations through a series 

of readily comparable examples. However, we believe these abstractions are quite fleeting in the 

infants; we have no evidence that they retain the same or different concept after the study. 

Hochmann et al. (2017) found that 3- and 4-year-old children, like pigeons, fail 2-item 

array-match-to-sample (RMTS) tasks but succeed with 16-item arrays. Success by preschool 

children and pigeons on the 16-item display is attributed to encoding entropy (defined as the 

internal variability of an array). In contrast, older children and adults can detect the relation of 

same/different between pairs of objects. Although entropy-based accounts have been proposed 

(e.g., Glorioso et al., 2021), in the pure version of the RMTS task used in this study, there is 

strong evidence that success cannot be achieved using entropy perception, as the entropy of a 

same pair (0) and that of a different pair (1) are not sufficiently different to be detected given our 

method (i.e., presenting eight RMTS trials without practice or feedback). There is debate over 

whether a human or pigeon could be trained to detect this difference, but there is general 

agreement that any such training would require many hundreds or thousands of trials. There is an 

excellent discussion of this issue in Hochmann et al. (2017) (p. 19 and following). 



THE ROLE OF LANGUAGE IN FORMING SAME AND DIFFERENT  24 

 

 

To succeed on the pure RMTS requires that the child have well-established 

representations of same and different that can be spontaneously recruited to encode novel stimuli 

(Gentner et al., 2021). Consistent with this claim, we saw no learning across trials in the present 

studies, even with 16 items – suggesting that children who succeeded had the relational concept 

of same and different prior to the experiment. In other words, the RMTS task tests whether the 

relational concept has become part of one’s cognitive arsenal, sufficiently entrenched as to be 

spontaneously accessible.  

Our findings are parallel to those of Premack (1983). In his studies, three chimpanzees 

taught to use a physical symbol system (which included symbols for same and different) passed 

the RMTS, while two animals not trained on symbols failed (see also Thompson et al., 1997). 

Premack’s studies led him to argue that language (or some other symbol system) is critical in 

permitting a chimpanzee to engage in  “…abstract judgment, as in analogical reasoning, 

matching proportions of physically unlike exemplars, and completing incomplete (external) 

representations of action.” (Premack, 1983, page 125). We suggest that this comment is equally 

true for our species. 

This paper is unusual in its focus on the simple unsupported RMTS. Despite the interest 

in relational learning, there are very few RMTS studies that have no training. As reviewed here, 

among primates, only humans and chimpanzees with extensive symbol training have shown 

success in the pure RMTS task (Experiments 1 & 2; Christie & Gentner, 2010, 2014; Premack, 

1983; Thompson & Oden, 2000). Experiment 1 and 2 show that production of relational 

language is the best proxy for possessing this concept.  



THE ROLE OF LANGUAGE IN FORMING SAME AND DIFFERENT  25 

 

 

In the larger context, it is possible to argue that living in a society that embraces literacy 

and numeracy could constitute relational training. With this view, it becomes possible to argue 

that, like Premack’s chimpanzees, the children in our studies have already been given training in 

relational symbol system prior to coming to our labs. This continuity view is consistent with the 

idea that relational learning in infancy through adulthood operates by a single underlying 

structure-mapping mechanism and the varied results represent a continuum in the type of training 

necessary to form the abstract relation. This view suggests that the change in cognition across 

development is one of elaboration and refinement.  

4.1 Summary 

In sum, the present findings demonstrate that preschoolers can succeed on the RMTS task 

without training. Whether the pairs were presented vertically or horizontally, 4-year-olds chose 

the relational alternative at above-chance rates. A key conclusion from these studies is the 

importance of having accessible same/different concepts in supporting this insight. The results 

from the present studies converge with those of Hochmann and colleagues (2017) in underlining 

the powerful role of relational terms. William James (1890) stated that the “sense of sameness is 

the very keel and backbone of our thinking” (p. 459). The present findings help clarify when and 

how that comes about. 
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