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Abstract 140 

To promote collaboration across canine science, address replicability issues, and advance open 141 

science practices within animal cognition, we have launched the ManyDogs consortium, modeled 142 

on similar ManyX projects in other fields. We aimed to create a collaborative network that (a) 143 

uses large, diverse samples to investigate and replicate findings, (b) promotes open science 144 

practices of pre-registering hypotheses, methods, and analysis plans, (c) investigates the influence 145 

of differences across populations and breeds, and (d) examines how different research methods 146 

and testing environments influence the robustness of results. Our first study combines a 147 

phenomenon that appears to be highly reliable—dogs’ ability to follow human pointing—with a 148 

question that remains controversial: do dogs interpret pointing as a social communicative gesture 149 

or as a simple associative cue? We collected data (N = 455) from 20 research sites on two 150 

conditions of a 2-alternative object choice task: (1) Ostensive (pointing to a baited cup after 151 

making eye-contact and saying the dog’s name); (2) Non-ostensive (pointing without eye-contact, 152 

after a throat-clearing auditory control cue). Comparing performance between conditions, while 153 

both were significantly above chance, there was no significant difference in dogs’ responses. This 154 

result was consistent across sites. Further, we found that dogs followed contralateral, momentary 155 

pointing at lower rates than has been reported in prior research, suggesting that there are limits to 156 

the robustness of point-following behavior: not all pointing styles are equally likely to elicit a 157 

response. Together, these findings underscore the important role of procedural details in study 158 

design and the broader need for replication studies in canine science. 159 

Keywords: Domestic dog; Replicability; Human pointing; Social cognition; Interspecific 160 

interaction; Object choice task 161 

 162 
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This un-proofed manuscript is forthcoming in the journal Animal Behavior and 163 

Cognition. Please be sure to cite the most recent version.   164 

The scientific literature within animal behavior is beset with contradictory claims and 165 

findings. Variability in results can arise due to methodological differences across studies, 166 

response measures that lack standardization, underpowered studies, and/or individual differences 167 

across animals (Rodriguez et al., 2021). Teasing apart the relative contributions of these factors 168 

can be challenging. Replication of results is essential to understand the variation between studies 169 

and to maintain external validity while maximizing the internal validity of experiments (Stevens, 170 

2017; Voelkl et al., 2018; Farrar et al., 2020). Additionally, replication helps discern true effects 171 

from spurious findings, with successful replications strengthening evidence for the former and 172 

weakening evidence for the latter (McShane et al., 2019), thus improving knowledge and 173 

informing future research avenues. However, it can be challenging to independently replicate 174 

others’ methodologies: replication studies can be difficult to fund and publish, and there may be 175 

publication or editorial biases that deter scientists from attempting replication work (Neuliep, 176 

1990; Agnoli et al., 2021; Farrar et al., 2021). Thus, independent laboratory research on its own is 177 

not enough to stabilize effects in the literature— standardized replication remains essential. 178 

A number of consortium projects have begun to address replication issues in various 179 

psychological sciences, including social psychology (Klein et al., 2014), primate cognition 180 

(ManyPrimates et al., 2022) and developmental psychology (The ManyBabies Consortium, 181 

2020). These projects promote large-scale collaborations through open science platforms, with 182 

groups across multiple institutions working on a common project. Each ManyX project has a 183 

specific focus relevant to the concerns of its subfield; however, the overarching mission of each 184 
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of these projects is the same—investigate the boundaries of replicability in the subfield and 185 

identify factors that influence replicability. 186 

ManyDogs 187 

Canine science is a relatively new subfield within animal behavior, with an explosion of 188 

studies over the past two decades (Aria et al., 2021). Similar to other disciplines, canine science 189 

has struggled with underpowered studies and idiosyncratic methodologies, which make it 190 

difficult to assess and reconcile conflicting findings (Rodriguez et al., 2021). To address the issue 191 

of replicability within the field of canine science, we have developed a new consortium project: 192 

ManyDogs (ManyDogs Project et al., 2022). Drawing inspiration from other ManyX projects 193 

(e.g., ManyBabies, ManyLabs, ManyPrimates), the primary goals of the ManyDogs project are to 194 

(1) enhance replicability in the field of canine science, (2) provide a platform for testing 195 

questions that require large and/or diverse samples, (3) quantify differences across labs and 196 

investigate how these differences might influence study results, and (4) foster international 197 

collaborations moving forward. We aim to do this in a collaborative network that (a) uses large, 198 

diverse samples to investigate and replicate findings, (b) promotes open science practices of pre-199 

registering hypotheses, methods, and analysis plans, and (c) examines how different research 200 

methods and testing environments influence the robustness of the results. Thus, there is an 201 

exciting opportunity to initiate replication efforts in canine science, including explorations of the 202 

reliability of basic findings in the field. 203 

As part of enhancing the replicability of results across the field of canine science through 204 

the collaborative efforts of ManyDogs, we aim to begin quantifying differences across labs (e.g., 205 

in testing environments, methodological approaches, and analysis techniques) to investigate how 206 

these differences influence study results. We hope a closer analysis of these inter-lab differences 207 
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will provide useful information for developing a set of best practices (Byers-Heinlein et al., 208 

2020), similar to what the field of infant cognition has achieved with the findings from 209 

ManyBabies, who in their first study replicated infants´ bias for infant-directed speech, but 210 

produced a more moderate effect size than what was reported in primary research (The 211 

ManyBabies Consortium, 2020). By building large international datasets, we will also be able to 212 

investigate questions that none of us could address alone, such as questions about the impact of 213 

individual differences in training history, breed, or geographical location on cognition and 214 

behavior. Lastly, we hope this will be the first project of many and that researchers in all areas of 215 

canine science will see this platform as a useful tool for generating additional collaborations. 216 

Addressing questions in a large-scale collaboration will provide several valuable 217 

opportunities for the field of canine science. First, given that statistical tests performed on large 218 

data sets tend to have large statistical power, our initial study will afford us the best opportunity 219 

to date to answer our theoretical question of interest—do dogs understand and act on human 220 

pointing gestures as social communicative cues? Second, we can more directly evaluate the 221 

boundaries of replicability in the still-emerging field of canine science by investigating how 222 

much variation in effect size there is in dogs’ overall tendencies to follow pointing gestures 223 

across labs. Moreover, with sufficient participation from different research units, we hope to 224 

understand the potential causes of variability in effect sizes by investigating the influence of 225 

specific differences across labs and/or populations. Third, this project will inform future 226 

estimates of statistical power for similar studies in canine science. Finally, we will be able to 227 

conduct exploratory analyses on a highly diverse dataset targeted at investigating (a) how other 228 

measured factors (e.g., breed) might influence the replicability of canine science research in 229 

general and (b) the tendency of dogs to follow pointing gestures specifically. 230 
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ManyDogs 1: Understanding Human Pointing Gestures 231 

To achieve these goals, we used a “single study” approach, in which one specific protocol 232 

was implemented by all participating labs in parallel. This approach was modeled after the 233 

ManyBabies project, and since many of the logistical concerns of infant research are like those 234 

found in canine research, this approach provided the appropriate structure for our first study. 235 

First, as with any research with non-verbal individuals (e.g., infants, non-human animals), 236 

research with dogs is typically more time intensive than adult human psychology research, as all 237 

dogs must be tested one-by-one with extensive training phases on longer behavioral measures. 238 

Second, it can be difficult to determine the cause of contradictory findings given vast individual, 239 

cultural, training-related, and breed-related differences among canine populations. Due to the 240 

intersections of these differences, it is difficult to pinpoint the reason behind failed replications 241 

across labs: do they reflect meaningful individual differences across different populations, or 242 

different methodological approaches across labs? Implementing a single, methodologically 243 

uniform study across labs provides the opportunity for us to directly investigate some of these 244 

sources of variability. 245 

For our first study, we collectively chose to investigate dogs’ interpretation of human 246 

pointing gestures. Point-following behavior in dogs is of the earliest findings in canine science 247 

that catalyzed the growth of the field, particularly because they seem to respond more accurately, 248 

spontaneously, and flexibly than other species, such as great apes (Bräuer et al., 2006). It is now 249 

well-replicated that dogs follow human pointing (Miklósi et al., 1998; Soproni et al., 2001; Hare 250 

et al., 2002; Kaminski & Nitzschner, 2013), even from a very young age (Bray, Gnanadesikan, et 251 

al., 2021), though factors such as rearing environment and living conditions may influence point-252 

following behavior (Udell et al., 2010; D’Aniello et al., 2017). However, researchers still 253 
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disagree as to whether dogs show this behavior because they interpret human pointing as a social, 254 

communicative gesture or whether they simply associate human hands or limbs with food. Under 255 

the association explanation, point-following in dogs is based on associative learning mechanisms 256 

without any specific, ‘infant-like’ understanding of the human’s communicative-referential 257 

intention (e.g., Wynne et al., 2008). Thus, point-following in dogs could be the result of learning 258 

to associate a reward such as food with either the specific gesture, or human hands more 259 

generally. 260 

Under the social communicative explanation, pointing gestures convey information from 261 

the signaler to the observer. Pointing is frequently enhanced by ostensive cues (such as eye-262 

contact, gaze alternation to a target, or vocal signals) that make the intentionally informative 263 

nature of the gesture understood (Csibra, 2010). Another way to interpret an intentional pointing 264 

gesture is that the signaler is providing an imperative that requires a particular response from the 265 

observer (e.g., Kirchhofer et al., 2012). While these two accounts lead to differences in how 266 

human pointing is received and understood, both involve social signals. Human children follow 267 

pointing from an early age, but only if it is prefaced by clear, direct ostensive cues that signal the 268 

pointer’s intent to provide information (i.e., eye contact, high-pitched infant-directed speech, 269 

and/or the child’s name; Behne et al., 2005). Thus, for young children these intentional, direct 270 

ostensive cues are necessary to interpret pointing as an informative gesture. Although a large 271 

body of previous research with dogs has demonstrated that dogs are capable of following 272 

pointing when it is prefaced by intentional direct ostensive cues (Hare et al., 2002; Kaminski & 273 

Nitzschner, 2013; Miklósi et al., 1998; Soproni et al., 2001; Tauzin et al., 2015a), it is less clear 274 

whether these ostensive cues are indeed necessary in the same way they are for human children 275 

(i.e., required to perceive the cue as informative). 276 
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Researchers have investigated dogs’ point-following responses in several ways, from 277 

simple conditioning to understanding the cooperative intent and referential (informative) content 278 

of the gesture (Pongrácz et al., 2004; Range et al., 2009; Topál et al., 2009; Virányi & Range, 279 

2009; Kupán et al., 2011; Kaminski et al., 2012; Marshall-Pescini et al., 2012; Téglás et al., 2012; 280 

Scheider et al., 2013; Moore et al., 2015; Tauzin et al., 2015a, b; Duranton et al., 2017), but to 281 

our knowledge only two studies have investigated how ostensive cues influence the way dogs 282 

understand and act on pointing (Kaminski et al., 2012; Tauzin et al., 2015a). In one study, an 283 

experimenter pointed while either making eye contact with the dog (i.e., an ostensive cue) or 284 

looking down at her arm (Kaminski et al., 2012). Here, dogs were more likely to follow the 285 

pointing gesture when the experimenter was making eye contact than when she was not. In fact, 286 

dogs in the condition without ostensive eye contact did not follow the pointing gesture above 287 

what would be expected by chance, while dogs in the condition with ostensive eye contact did. 288 

This suggests that ostensive cues may be necessary for dogs to follow pointing. Crucially, 289 

however, although eye contact is a sufficient ostensive cue, it is not a necessary cue, as dogs 290 

follow pointing gestures even when a person’s back is turned, as long as they use high-pitched 291 

speech (Kaminski et al., 2012). In another study, an experimenter pointed with ostensive cues 292 

(i.e., eye contact and calling the dog’s name) either preceding or following the gesture (Tauzin et 293 

al., 2015). Dogs were more likely to follow pointing gestures when the ostensive cues preceded 294 

the pointing than when they came after, and only performed above chance levels when the 295 

ostensive cues preceded the gesture. Together, these two studies provide promising initial 296 

evidence that ostensive cues are necessary for dogs to follow pointing gestures. However, in 297 

some instances neutral cues performed before the pointing gesture, such as hand clapping (e.g., 298 

clapping control condition, Tauzin et al., 2015a) have appeared to increase point-following in 299 

dogs. It is possible that the facilitating effects of ostensive cues result only from low-level effects 300 
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like attention-raising (e.g., Szufnarowska et al., 2014; Gredebäck et al., 2018) instead of being a 301 

means to identify the communicative intention, as higher-level theories such as Natural Pedagogy 302 

theory propose (Csibra, 2010). However, assessing this will require further experiments, with 303 

proper control conditions and clear, contrasting predictions. The latter is especially important 304 

given that higher-level theories incorporate attentional mechanisms in their explanations; 305 

however, this is beyond the scope of the current replication study. 306 

To study point-following behavior further, and assess the feasibility of the ManyDogs 307 

approach, we chose a simple choice task that can be standardized across dog labs, addressing a 308 

question that is theoretically interesting to many researchers in the field: how do dogs understand 309 

and act on human pointing? Do they perceive it as a social communicative gesture—whether 310 

informative or imperative—or as a simple associative cue? We designed an experiment that could 311 

be carried out at most canine research sites and was intended for widespread global participation, 312 

we explored dogs’ responses in two different pointing conditions: an Ostensive condition 313 

(pointing with eye-contact and dog-directed speech) and a Non-ostensive condition (pointing 314 

with averted gaze and throat-clearing control cue). By investigating dogs’ responses to these two 315 

contrasting pointing contexts with a large and diverse sample, we aim to shed light on dogs’ 316 

understanding of human pointing gestures, but more importantly, also establish a foundation for 317 

multi-lab open science collaborations in canine science. 318 

Hypotheses and Predictions 319 

Our main hypothesis is that ostensive cues preceding a human pointing gesture have a 320 

facilitating effect on dogs’ following of human pointing gestures. We predict that if dogs perceive 321 

pointing gestures as socially informative cues, they will follow points significantly above chance 322 

level in the Ostensive condition, but not in the Non-ostensive condition. Under this hypothesis, 323 
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pointing gestures alone are not sufficient for dogs to successfully interpret and follow social 324 

gestures given by human informants. If we find the dogs in our study perform better in the 325 

Ostensive condition than in the Non-ostensive condition, it would provide some evidence that the 326 

pointing gesture needs to be preceded by special, ostensive signals from the human demonstrator. 327 

If, on the other hand, no difference is observed between conditions, this could suggest that dogs 328 

understand pointing as the result of a learned gesture-reward association. 329 

A second hypothesis regards the question of whether dogs interpret pointing gestures as 330 

imperative or informative. For humans, the pointing gesture is itself conveying information, 331 

namely about the location of an object (e.g., Tomasello et al., 2005). For dogs, some researchers 332 

have assumed that the gesture is instead interpreted as an imperative directive ordering them 333 

where to go (Topál et al., 2009; Wobber & Kaminski, 2011; Kaminski et al., 2012; Kaminski & 334 

Nitzschner, 2013). As argued by Topál et al., (2014), ostensively cued human behaviors can often 335 

act as imperatives for the dog, inducing a ‘ready-to-obey’ attitude that may result from the 336 

domestication of dogs and/or from their extensive experience with humans. This claim is 337 

supported by evidence that dogs prefer following a human’s gesture even if it is against their 338 

better knowledge (Szetei et al., 2003; Scheider et al., 2013), although this may also be analogous 339 

to human infants, as explained by the Natural Pedagogy account (Csibra & Gergely, 2009). 340 

Unlike the informative account, there is no clear prediction on dogs’ point-following behavior in 341 

the Non-ostensive condition if they view it as an imperative; it is possible they would follow 342 

pointing equally in both conditions, or it is possible that the ostensive cues would still signal 343 

intentionality and result in higher levels of point-following in the Ostensive condition. Thus, our 344 

planned experimental contrast will not definitively answer this question. However, we expect that 345 

if dogs view pointing cues as imperative, training history and trainability would be significant 346 

predictors of their performance in both conditions. 347 
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Our third and final prediction for the study is that, as has previously been demonstrated in 348 

similar paradigms (Bray et al., 2020; Bray, Gnanadesikan, et al., 2021), dogs are not using 349 

olfactory cues to find hidden food in this task, and thus we will not see group level performance 350 

that is significantly above chance in the Odor Control condition. 351 

Methods 352 

Ethics Statement 353 

 Each participating research site obtained explicit ethical approval or a letter of exemption 354 

to carry out the study from their respective institution research ethics committee prior to 355 

implementing the protocol (Table S1). Sites at which the protocol was deemed exempt from 356 

institution oversite were provided with letters from the institution research ethics committee 357 

stating the experimental protocol complied with the country’s national animal protection 358 

legislation governing non-invasive animal research.  359 

Protocol 360 

Here, we present the study design implemented across multiple sites to address our research 361 

questions. Videos of pointing conditions and the pre-registration of the methods are available as 362 

on the Open Science Framework (https://osf.io/9r5xf/) and the detailed experimental procedure is 363 

included in this manuscript’s Supplemental Materials. We selected an object-choice paradigm, 364 

based on methods by Bray et al., (2020; Bray, Gruen, et al., 2021), involving the choice between 365 

two cups, under one of which a piece of food is hidden. Most methodological details (e.g., 366 

distances, times, setup, phases) were closely based on Bray et al.’s methods, with modifications 367 

made to either (1) better accommodate the manipulation of ostension of the present study, or (2) 368 

relax and simplify abort criteria for easier implementation with diverse pet dogs in varied 369 

https://osf.io/9r5xf/
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contexts (Figure 1). The cups were opaque and false-baited with a treat taped to the inside of 370 

each cup to control for odor cues in all trials except the Odor Control condition, which used 371 

clean un-baited cups. Subjects were allowed up to 25 seconds (s) to choose a cup on each trial. A 372 

choice was defined as the subject physically touching the cup with their snout or a front paw (not 373 

an ear, back leg, or tail). If the subject did not make a choice within 25 s, a “no-choice” was 374 

recorded and the trial repeated. If the subject made two no-choice responses in a row, they 375 

underwent refamiliarization prior to reattempting to complete the warm-up phase or test trials 376 

(see refamiliarization procedure below). 377 

 Figure 1 378 

Experimental set-up and stimuli for ManyDogs 1 379 

 380 

The protocol recommended that the handler be seated in a chair behind the dog during the 381 

study, holding the dog stationary and facing toward the experimenter while the baiting was 382 

carried out. This was allowed to vary by site when necessary, for example if the size of the 383 

testing room did not allow space for a chair, then the handler would stand behind the dog. The 384 
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experimenter was always a trained researcher; they maintained a seated position during trials, and 385 

looked at the floor during the entirety of each choice period to avoid cueing the subject (Figure 386 

2). The handler was either a trained researcher or the dog’s guardian, in accordance with a given 387 

site’s typical research practices. In cases where the guardian was not handling during the study, 388 

we recommended (but did not require) that they remain in the room, seated behind the handler. 389 

To minimize the potential for unintentional cueing, the protocol stipulated that trained handlers 390 

should bow their head and close their eyes during baiting and cueing (opening them only once the 391 

dog has been released), while guardian handlers were asked to close their eyes for the entirety of 392 

the trial duration. We believed that this measure would sufficiently ensure that dogs were not 393 

cued to choose a particular location by the handler, especially given that previous empirical work 394 

aimed at assessing the Clever Hans effect in point-following tasks in dogs suggests that the 395 

effects of any unintentional cueing may be less reliable than is often suggested (Schmidjell et al., 396 

2012; Hegedüs et al., 2013).  397 

Figure 2 398 
Experimenter in resting position, sitting on their legs with their hands by the sides of the thighs, 399 

and looking down. 400 

 401 

 402 
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Warm-up Procedure 403 

To familiarize subjects with the testing space, the experimenter, and finding food under 404 

cups, several phases of warm-ups were conducted. These warm-ups were not intended to be 405 

predictive of test performance, simply to build an association between cups and rewards and 406 

gauge the subject’s willingness to participate in the task and indicate a choice (in a similar 407 

paradigm, Bray, Gnanadesikan, et al., 2021 found that performance on warm-ups was not 408 

predictive of performance on a pointing task). Throughout the warm-up phases, dogs were 409 

spoken to in a high-pitched voice using pet-directed speech to facilitate attention to the stimuli 410 

(Ben-Aderet et al., 2017; Jeannin et al., 2017); additionally, experimenters attempted to make eye 411 

contact with subjects at the beginning of each trial when showing them the food reward and both 412 

handler and experimenter praised the dog for making a choice. All cups used for warm-ups were 413 

false-baited to ensure that the cups smelled like food and to minimize dogs’ ability to choose 414 

cups based only on odor. Subjects proceeded to test trials after completing all phases of the 415 

warm-ups, or after 15 minutes had elapsed from beginning the first phase of warm-ups. If, during 416 

warm-ups, subjects did not respond on two consecutive trials they underwent refamiliarization 417 

with the previous phase to encourage participation. Exclusion and abort criteria are detailed in the 418 

section below. 419 

Warm-up Phase 1: Visible Placement and Free-form Cup Association 420 

Warm-ups began with at least two repetitions of visible treat placement on the floor in 421 

front of the experimenter to ensure the subject was willing to approach the experimenter and eat 422 

off the floor in the testing area. Additional trials were used as necessary if a dog did not 423 

immediately eat the food. After the subject retrieved the treat successfully from each visible 424 

placement, the experimenter initiated a free-form cup game to familiarize the subject with finding 425 
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treats under cups and to encourage them to indicate a choice by touching the cup. In the free-form 426 

cup game, the experimenter showed a single treat before placing it on the floor and covering it 427 

with a cup. The experimenter vocally encouraged the subject to approach and touch the cup, and 428 

rewarded them with the treat underneath. This hiding process was repeated at least three times or 429 

until the subject readily touched the cup.  430 

Warm-up Phase 2: One-cup Alternating 431 

The second warm-up phase familiarized the subject with the setup and general trial 432 

procedure to ensure they were willing to approach the cup locations to the right and left of the 433 

experimenter (Figure 2). 434 

In this phase, only one cup was presented in each trial and placed at either the right or left 435 

of the experimenter in one of the two designated cup positions, which were 1 m apart from each 436 

other along a line 1.35 m in front of the dog’s starting box (Figure 1, 2). At the start of each trial, 437 

the reward was visibly placed under the cup; the experimenter attempted to make eye contact 438 

with the dog as they baited the cup. The subject was required to indicate a choice by physically 439 

touching the cup on four trials within a maximum number of seven trials. After each successful 440 

trial, the cup was presented on the opposite side to ensure the subject received two rewards in 441 

each location. Subjects who did not complete four touches within seven trials were excluded (see 442 

refamiliarization and abort criteria below). On every trial (true of all trial types throughout the 443 

study), subjects were allowed to make only one choice (i.e., touch) and were rewarded on trials 444 

where they touched the baited cup first. Upon choosing, the experimenter lifted the cup, exposing 445 

the treat for the subject to eat. 446 
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Warm-up Phase 3: Two-cup Alternating 447 

The third warm-up phase ensured that the subject attended to the experimenter’s actions, 448 

was willing to approach both cup locations when a cup was present at each location 449 

simultaneously (i.e., not side-biased), and was not choosing randomly. These trials were identical 450 

to the previous phase, except that two indistinguishable cups were used (Figure 1), such that the 451 

subject needed to attend while one cup was baited by the experimenter in order to choose 452 

correctly. The experimenter attempted to make eye contact with the dog as they visibly baited the 453 

cup. Several predetermined sequences of baiting locations (four pseudo-random orders, with no 454 

more than two trials in a row on the same side) were counterbalanced across the conditions and 455 

within a site (i.e., each sequence used four times within the minimum sample of subjects). 456 

Subjects were required to choose correctly on the first presentation of four of the most recent six 457 

trials (sliding window) to advance to the test trials; trials in which the dog did not choose 458 

correctly were immediately repeated to minimize side biases. Subjects that did not meet the 459 

criterion within 20 total trials (including repeated trials) were excluded. The experimental setup is 460 

shown in Figure 1. 461 

Test Trials 462 

The test trials included two blocks of eight trials each—one block for each of the two 463 

conditions (Ostensive vs. Non-ostensive)—with the order counterbalanced across individuals 464 

tested at each site. The two blocks were separated by a one-minute play break and a re-465 

familiarization (two trials of the two-cup alternating procedure from the warm-up Phase 3). 466 

In both test conditions, occluded baiting was used, and each trial began with the 467 

experimenter placing an occluder in front of themself, hiding the two cups from the subject’s 468 

view. As in the warm-ups, both cups were false-baited to minimize the dogs’ ability to use odor 469 

cues in the task. The experimenter showed the subject the food reward by holding it out centrally 470 
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in front of their torso, then placed it underneath one of two cups hidden behind the occluder 471 

(standardized occluder size across sites: 30 centimeters (cm) tall x 58 cm wide). Then the 472 

experimenter removed the occluder and placed it behind them, after which they simultaneously 473 

slid the two cups outward from their central position until they were 1 m apart. With the cups in 474 

position, the experimenter provided one of the pointing cues (described below). Across 475 

conditions, experimenters used a contralateral momentary point, holding the point stationary for 2 476 

s before returning to the resting position and maintaining a downward gaze while the dog made a 477 

choice. Although there was some necessary variation across experimenters due to individual 478 

anatomy, the experimenter’s finger was positioned approximately 30 cm from the cup during the 479 

pointing cue. Once in resting position, and after waiting for 1 s, experimenters cued the handler to 480 

release the subject using a neutral word (“now”) and neutral tone to avoid additional social 481 

cueing from the experimenter. The handler released the subject by dropping the leash and saying 482 

“okay!” or any similar release command that the subject was familiar with. The dog was able to 483 

choose one cup per trial and was prevented from making a second choice by the experimenter 484 

removing the cups or blocking the dog’s access. If the dog chose the baited cup, they were 485 

rewarded with the hidden food; if they chose the unbaited cup, they were shown the empty space 486 

under the cup and no reward was given. On test trials, the experimenter did not praise the dog for 487 

choosing the baited cup. The handler did not praise the dog for their cup choice, but did praise the 488 

dog upon recall to the starting position. Except for the gesturing components, detailed below, all 489 

other aspects of the test trials were identical in both conditions. 490 

The primary dependent measure for each test condition was the proportion of trials in 491 

which the subject chose the baited cup. Subjects had 25 s to make a choice on each trial, and they 492 

were required to complete all test trials of both pointing conditions to be included in pre-493 

registered analyses. Individual exclusion criteria are detailed below. 494 
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Ostensive Condition 495 

At the start of each Ostensive trial, the experimenter made eye contact with the subject 496 

and said “[dog name], look!” in high-pitched pet-directed speech, while visibly presenting the 497 

treat. After the treat placement, cup movement, and occluder removal, the experimenter again 498 

repeated “[dog name], look!” in pet-directed speech and made eye contact before presenting the 499 

pointing gesture (Figure 3). While giving the neutral release signal and while the subject 500 

approached, the experimenter looked down at the floor directly in front of them. 501 

Figure 3 502 

Experimenter demonstrating the Ostensive and Non-ostensive pointing gestures used in the test 503 
conditions. 504 

 505 

  

Non-ostensive Condition 506 

At the start of each Non-ostensive trial, the experimenter looked down and cleared their 507 

throat to get the subject’s attention while presenting the treat. Before pointing, the experimenter 508 

cleared their throat again to attract the subject’s attention and kept their gaze on the ground in 509 

front of them while they presented the momentary pointing gesture, and while the subject 510 

approached and made a choice. Throat clearing was chosen as an easy-to-produce cue that is 511 
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familiar to dogs and not generally associated with ostensive cues or intentional communication, 512 

but that would still attract the dog’s attention thus balancing auditory cues across pointing 513 

conditions. The experimenter did not speak to the dog during the Non-ostensive trials, only 514 

uttering the neutral “now” as a cue for the handler to release the dog. 515 

Odor Control Condition 516 

After both blocks of test trials, another one-minute play break took place. Finally, in the 517 

four odor control trials, the cups were baited identically to the test trials, except: (1) clean cups 518 

were used, without a treat taped into the cup (thus making it easier for subjects to potentially use 519 

scent cues if they were using an olfactory search strategy), (2) only one verbal cue was given 520 

when presenting the treat, “[dog name], look,” and (3) no pointing gesture was provided before 521 

the subject was released to search. Based on previous results with similar paradigms by Bray et 522 

al. (2020a), we expected most subjects to perform at chance levels on these trials. We therefore 523 

used a reduced number of odor control trials to avoid dogs becoming discouraged and refusing to 524 

participate. This data was not intended for use on an individual level to exclude subjects, but 525 

rather for post-hoc analyses to investigate dogs’ ability to use olfactory information, or other 526 

unintentional cues, at the level of site, breed, or training background. 527 

Refamiliarization and Abort Criteria 528 

If subjects stopped participating during any phases of the task (i.e., refusing treats or 529 

making two consecutive no-choice responses in warm-ups or test trials, where no-choice is 530 

failing to touch a cup within 25 s), a re-familiarization process was used. This involved returning 531 

to the immediately previous warm-up phase (if this behavior occurs during One Cup or Two Cup 532 

warm-ups), or if during test trials, then returning to the Two Cup warm-ups in an attempt to re-533 

engage the subject (see Supplemental Methods for details of this procedure). If refamiliarization 534 

with a previous phase did not successfully re-engage the subject in the task, or if the subject made 535 
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a total of four no-choice responses in any single phase of the warm-ups or test trials, or if the 536 

subject exhibited signs of distress, testing was aborted. One exception to the abort rule was 537 

allowed if the subject participated in the Non-ostensive pointing condition first and reached the 538 

limit of no-choice responses. In the absence of signs of distress, the Non-ostensive condition may 539 

be aborted and the subject moved on to the Ostensive pointing condition. This exception allowed 540 

for subjects to try participating in the pointing condition with comparatively greater attention-541 

raising effects, which may be more likely to elicit a response due to the ostensive cues 542 

accompanying the gesture. While subjects that did not complete all test trials of both conditions 543 

are ineligible to be included in primary analyses, a frequency of the subjects that only respond 544 

when points are preceded by ostensive cues is nevertheless informative for determining point-545 

following behavior at the group level. 546 

Coding and Reliability 547 

Cup choices were coded live by the experimenter. Additionally, videos were recorded to 548 

enable inter-rater reliability coding (re-coding) after the fact. For each participating site, upon 549 

completing data collection a subset of 8 subjects was randomly selected for re-coding from their 550 

sample that met inclusion criteria and all test trials of each subject were coded to check against 551 

the original data record. All re-coding was done from video by a research assistant who was blind 552 

to the hypothesis of the project. We set an inter-rater reliability threshold of 𝜅𝜅 ≥ 0.9 for 553 

individual sites. The raters who re-coded a subset of the trials had very high reliability with the 554 

original coding for choice (κ = 0.98, 95% CI [0.97, 0.98], N = 2486). Individual site reliability 555 

ranged from κ = 0.92-1.00. 556 

Survey Data 557 

Prior to participation in the behavior study, dog owners and guardians completed a survey 558 

on their dog’s background, including breed, training history, and other demographics. Dog 559 
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owners and guardians also completed the trainability scale of the Canine Behavioral Assessment 560 

and Research Questionnaire (C-BARQ©, www.cbarq.org) (Serpell & Hsu, 2001; Hsu & Serpell, 561 

2003). All C-BARQ items were made available to the guardian, though only the trainability scale 562 

was required for our pre-registered analyses. See pre-registered materials on OSF for the 563 

complete text of our in-house surveys. We included the C-BARQ trainability score as a covariate 564 

in our confirmatory analysis to account for the potential impact of varying individual training 565 

histories on the dogs’ task performance. 566 

Research Sites 567 

This experiment was conducted at 21 different research sites across nine countries on three 568 

continents (Table S1). Sites were able to self-select into the project with the only criteria being 569 

that they (1) follow the protocol for setting up and running the study, (2) obtain ethics approval or 570 

official exemption from their institution, and (3) collect data from at least 16 subjects that 571 

completed the study. After piloting the protocol in 2020 at one site, and COVID-19 related 572 

delays, we initiated data collection for the study in late October, 2021. We put out an open call on 573 

social media and on email lists to advertise the project, and we ultimately accepted data 574 

submissions for the main experiment from 20 research sites, closing the data collection period at 575 

the end of January, 2023. We set a minimum number of dogs per site at N = 16 to allow for an 576 

assessment of between-lab variation in performance, there was no upper limit on the number of 577 

dogs that a site could test.  578 

Collaborator Onboarding Process 579 
 We used an online survey (hosted on Qualtrics) to recruit research sites to contribute data 580 

for ManyDogs 1. Upon completion of this survey, the onboarding process was initiated; one of 581 

the ManyDogs administrative team corresponded closely with the new collaborator to assist them 582 
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with obtaining ethics approval and with registering their research site in our database. The 583 

information that we collected about each site included a detailed floor plan of the area in which 584 

the collaborators collected data, along with details about sound attenuation, room ventilation, if 585 

they are using personal protective equipment (PPE) and if so what type (e.g., face masks), their 586 

research assistant training process, and general information about the population from which they 587 

recruited individual participants. Sites were able to pursue a variety of data collection strategies 588 

and were free to recruit from different populations, including family pets or working dogs, and 589 

also to run the test in the environment that best suited their team, e.g., outside, in a dog facility, at 590 

the guardian’s home, or at their private research site.  591 

 To strive for a high level of similarity in how different sites implemented the protocol, we 592 

designed an experimenter training process to be completed by each site prior to data collection. In 593 

the training, sites were required to submit two rounds of videos. The initial video focused on the 594 

trained experimenter performing each phase of the study protocol. The second video was of the 595 

first participant that had completed all phases of the study at the site. ManyDogs administrators 596 

provided detailed written feedback on how to improve protocol execution, and virtual coaching 597 

meetings were scheduled as necessary. The video submission-feedback cycle could be repeated 598 

as necessary to achieve consistency and uniformity in the protocol. The second type of training 599 

instructed collaborators on how to carry out the data entry process, which we designed to be 600 

completed through surveys hosted on Qualtrics. Researchers practiced the data entry process with 601 

pre-prepared practice coding sheets, receiving feedback and repeating the steps as necessary. 602 

Upon completing both types of training, research sites were given an explicit recommendation to 603 

begin collecting data and encouraged to stay in close contact with the ManyDogs admin team 604 

throughout their implementation of the protocol. To facilitate frequent and efficient 605 

communication between contributors (as well as the ManyDogs project administrators), we 606 



MANYDOGS 1: POINT-FOLLOWING IN DOGS   27 

maintained an active Slack workspace with designated channels for open discussion of progress 607 

and troubleshooting in all aspects of participation in the study.  608 

Pilot Experiment 609 

In order to validate our study design and analysis plan, in the late summer of 2020 we 610 

collected preliminary data from a pilot experiment as part of a master’s thesis at the Clever Dog 611 

Lab at the University of Veterinary Medicine in Vienna, Austria. We pre-registered the study 612 

design, procedure, predictions, and confirmatory analysis prior to data collection at the Open 613 

Science Framework (https://osf.io/gz5pj/). The data and analysis script are available online at 614 

ManyDogs OSF. 615 

Pilot Sample 616 

Ninety-one dogs (M:F = 38:53, mean ± SD age = 5.1±3.3) across a variety of breeds 617 

participated in the pilot experiment. Of these, a subset of 61 dogs (M:F = 26:35, mean ± SD age = 618 

4.7±3.3 years [range = 0-12]) were tested after our pre-registration was submitted; all statistical 619 

models using pilot data are limited to these individuals. None of the pilot data was included in the 620 

main experiment analyses below. An additional 12 dogs started but did not complete the 621 

experiment due to lack of motivation (N = 10) or fear/anxiety (N = 2). The study was discussed 622 

and approved by the institutional ethics and animal welfare committee in accordance with Good 623 

Scientific Practice guidelines and national legislation (ETK-081/05/2020). 624 

This study used the methods specified above and the analytic plan specified in the OSF 625 

pre-registration. A meat-based sausage treat was used, and odor cues were controlled by rubbing 626 

the interior of the cups with sausage prior to warm-ups and test trials. With the exception of four 627 

subjects (who were handled by a female research assistant), subjects were handled throughout the 628 

study by their guardians. While data were live-coded by the experimenter, a second rater naive to 629 

https://osf.io/gz5pj/
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the hypotheses and theoretical background of the study scored the video data of 18 randomly 630 

selected dogs (ca. 30% of the pre-registered sample). We used Cohen’s kappa to assess the 631 

interobserver reliability of the binary response variable “correct choice.” The two raters were in 632 

complete agreement (𝜅𝜅 = 1, N = 360). 633 

Pilot Data Analysis 634 

To evaluate whether dogs’ performance in correctly choosing the cup with the treat 635 

deviated significantly from the chance level of 0.5 in the Ostensive, Non-ostensive, and Odor 636 

Control conditions, we first aggregated the data across trials for each individual and condition. 637 

We then conducted one-sample t-tests to compare the performance against chance. 638 

To compare the performance between the test conditions, we fitted a Generalized Linear 639 

Mixed Model (GLMM) with a binomial error distribution and logit link function. We included 640 

the predictor variables condition, order of condition, trial number within condition, sex, age, and 641 

dogs’ trainability score based on the C-BARQ questionnaire. Additionally, we included the 642 

random intercept of subject ID and the random slopes of condition and trial number within 643 

subject ID. Note that, unlike the proposed study, this analysis did not include dog neuter status or 644 

lab ID in the model. 645 

Confidence intervals for the predictors were derived based on 1,000 parametric bootstraps 646 

using a function kindly provided by Roger Mundry (based on the bootMer() function of the 647 

package lme4). To check for collinearity, we determined variance inflation factors (VIF) using 648 

the function vif() (R package car, Fox & Weisberg, 2019). Collinearity was not an issue, with a 649 

maximum VIF of 1.02 (VIF > 10 suggests strong collinearity, Quinn & Keough, 2002). To 650 

evaluate model stability, we dropped one level of the subject ID random effect at a time and 651 

compared the model estimates of the resulting models. This procedure revealed the model to be 652 



MANYDOGS 1: POINT-FOLLOWING IN DOGS   29 

stable with respect to the fixed effects. Bayesian models used 4 chains with 12,000 iterations per 653 

chain (including 2,000 warm-up iterations). 654 

Pilot Results 655 

  In the pilot experiment, we tested 61 dogs (M:F = 26:35, mean ± SD age = 4.7±3.3 years 656 

[range = 0-12]). Approximately 41% of the dogs were spayed or neutered, 98.4% were purebred, 657 

and all lived in private homes.  658 

Performance Relative to Chance 659 

  The dogs (N = 61) performed better than expected by chance in the Ostensive condition 660 

(Mean = 0.60, 95% CI [0.55, 0.65], t(60) = 4.41, p < .001, BF10 = 459.9) but not in the Non-661 

ostensive condition (Mean = 0.53, 95% CI [0.49, 0.57], t(60) = 1.47, p = .146, BF10 = 0.39) or the 662 

Odor Control condition (Mean = 0.46, 95% CI [0.41, 0.51], t(60) = -1.45, p = .151, BF10 = 0.38) 663 

(Figure S6). 664 

Condition Comparison 665 

 The dogs chose the baited cup more in the Ostensive condition compared to the Non-666 

ostensive condition (Χ2(1) = 5.11, p = 0.02, BF10 = 3.9) (Figure S6A). None of the control 667 

predictors (order of condition, trial number within condition, sex, age, C-BARQ trainability 668 

score) had any effect on dogs’ choices (Table S2). 669 

Main Experiment 670 

Data Analysis 671 

We analyzed data using R (Version 4.2.3; R Core Team, 2021) and the R packages 672 

BayesFactor (Version 0.9.12.4.4; Morey & Rouder, 2018), bayestestR (Version 0.13.0; 673 

Makowski et al., 2019), brms (Version 2.19.0; Bürkner, 2017a, 2017b), car (Version 3.1.1; Fox 674 
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& Weisberg, 2019), flextable (Version 0.9.0; Gohel & Skintzos, 2023), ggdist (Version 3.2.1; 675 

Kay, 2023), gghalves (Version 0.1.4; Tiedemann, 2020), ggpubr (Version 0.6.0; Kassambara, 676 

2023), here (Version 1.0.1; Müller, 2020), kableExtra (Version 1.3.4; Zhu, 2021), knitr (Version 677 

1.42; Xie, 2015), lme4 (Version 1.1.32; Bates et al., 2015), papaja (Version 0.1.1; Aust & Barth, 678 

2020), patchwork (Version 1.1.2; Pedersen, 2020), performance (Version 0.10.2; Lüdecke et al., 679 

2021), psych (Version 2.3.3; Revelle, 2021), rmarkdown (Version 2.20; Xie et al., 2018, 2020), 680 

rstan (Version 2.21.8; Stan Development Team, 2020), and tidyverse (Version 2.0.0; Wickham et 681 

al., 2019). Data, analysis scripts, and pre-registered methods (videos) are available at the Open 682 

Science Framework (https://osf.io/9r5xf/), as is pre-registration of our design and analysis plan 683 

(https://doi.org/10.17605/OSF.IO/GZ5PJ).  684 

 As an inference criterion, we used p-values below .05. Where possible, we supplemented 685 

the frequentist statistics with Bayes factors. 686 

Performance Relative to Chance 687 

We conducted one-sample (two-tailed) t-tests to compare the subjects’ aggregated 688 

performance across trials to the chance level (0.5) separately for each condition (Ostensive, Non-689 

ostensive, and Odor Control). We also conducted these analyses separately for each lab. 690 

In addition to the frequentist analysis, we calculated Bayes factors for the t-tests using the 691 

ttestBF() function (with default, non-informative priors) from the BayesFactor package in R 692 

(Morey & Rouder, 2018). 693 

Condition Comparison 694 

For our main analysis, we fitted a GLMM with binomial error distribution and logit link 695 

function using the glmer() function from the lme4 package (Bates et al., 2015). This model 696 

included condition (Ostensive and Non-ostensive), order of condition (Ostensive first, Non-697 

https://osf.io/9r5xf/
https://doi.org/10.17605/OSF.IO/GZ5PJ
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ostensive first), trial number within condition, dog sex, dog neuter status, dog age (in years), and 698 

dogs’ trainability score based on the C-BARQ questionnaire (Hsu & Serpell, 2003) as fixed 699 

effects and subject and lab as random intercepts. The full model, including fixed effects, random 700 

intercepts, and random slopes was defined by: Correct choice ~ condition + order_condition 701 

+ trial_within_condition + sex*desexed + age + C-BARQ_trainability_score+ (condition 702 

+ trial_within_condition +  | Subject ID) + (condition + order_condition + 703 

trial_within_condition + sex*desexed + age + C-BARQ_trainability_score | Lab ID). 704 

In a second model, we planned to repeat the above analysis with only purebred and known 705 

crossbred dogs, excluding mixes of unknown breeds, or of more than two breeds (only 706 

breeds/crossbreeds with at least 8 individuals were going to be included) and include the random 707 

effect of breed in this model: Correct choice ~ condition + order_condition + 708 

trial_within_condition + sex*desexed + age + C-BARQ_trainability_score + (condition + 709 

trial_within_condition + | Subject ID) + (condition + order_condition + 710 

trial_within_condition + sex*desexed + age + C-BARQ_trainability_score| Lab ID) + 711 

(condition + order_condition + trial_within_condition + sex*desexed + age + C-712 

BARQ_trainability_score | Breed ID). We were not able to conduct the pre-registered breed 713 

analysis due to too few breeds with at least 8 individuals (see Departures from the pre-714 

registration). 715 

Across both models, we only included random slopes if the corresponding predictor 716 

variable varied in at least 50% of the levels of the random intercept. We included the random 717 

slope of the interaction if there was sufficient variation in both of its terms in at least 50% of the 718 

levels of the random intercept. We only included the correlations between random intercepts and 719 

random slopes if including them results in a model with better fit (i.e., smaller log-likelihood). 720 
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All covariates were centered and scaled to a standard deviation of 1. The random slope 721 

components of the factors were centered to ensure that the results were not conditional on the 722 

choice of the reference category. 723 

For the GLMM, we calculated likelihood ratio tests using the drop1() function from lme4 724 

(using a chi-square test, Barr et al., 2013) with p-values below .05 as the criterion to make 725 

inferences about fixed effects. 726 

In addition to the frequentist GLMM, we calculated Bayes factors for the models from 727 

Bayesian models using the brm() function from the brms package (Bürkner, 2017a, 2017b) with 728 

weakly informative priors (Student t-distribution with mean 0, degrees of freedom 6, and scale 729 

1.5: student_t(6, 0, 1.5)). We used 4 chains with 15,000 iterations per chain (including 5,000 730 

warm-up iterations). We then used the hypothesis() function to test hypotheses that the 731 

estimates for each predictor were 0. The Bayes factors represented the evidence for the full model 732 

relative to the full model without the fixed effect under investigation. The Bayesian analysis was 733 

supplemental, and inferences were drawn from the frequentist statistics. 734 

Genetic Analysis of Among-breed Heritability 735 

To assess among-breed heritability (MacLean et al., 2019), we used an animal model 736 

(Wilson et al., 2010) that incorporates a genetic effect with a known covariance structure to 737 

estimate the proportion of phenotypic variance attributable to additive genetic effects. Genetic 738 

analyses took a breed-average approach, integrating publicly available genetic data on the breeds 739 

in our dataset, rather than genotyping the individuals in the cognitive experiment. 740 

Breed average genetic similarity was represented by an identity-by-state (IBS) matrix 741 

calculated from publicly available genetic data collected using the Illumina CanineHD bead array 742 

(Parker et al., 2017). The proportion of single-nucleotide polymorphisms (SNPs) identical by 743 
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state (IBS) between pairs of individual dogs was calculated using PLINK (Chang et al., 2015). 744 

These values were then averaged for every pair of breeds to generate a breed-average IBS matrix.  745 

Because we did not differentiate between poodles of different sizes (e.g. standard, miniature, toy) 746 

when recording breed information for our participants, we averaged genomic data across poodles 747 

of all sizes when calculating our breed-average IBS matrix. The breed-average IBS matrix was 748 

then extrapolated to an individual-level IBS matrix . For individuals of different breeds, the IBS 749 

value was set to the average similarity between those breeds in the genetic dataset. For 750 

individuals of the same breed, the IBS value was set to the average IBS value among members of 751 

that breed in the genetic dataset. The purpose of this approach was to incorporate a measure of 752 

between- and within-breed genetic similarity, retaining the ability to model phenotypes at the 753 

individual, rather than breed-average level. Only breeds represented by N ≥ 3 individuals were  754 

included in these analyses. 755 

Heritability models were fit using the brm() function from the brms package (Bürkner, 756 

2017a, 2017b) with weakly informative priors for the beta coefficients (normal(0,1)). We used 757 

24,000 iterations per chain, with the first 2,000 iterations used as a warm-up, and a subsequent 758 

thinning interval of 10 iterations for retention of samples for the posterior distributions. 759 

Heritability models included sex and age as covariates. Age was z scored prior to analysis. 760 

We fit three separate models using the following dependent measures: (1) proportion of correct 761 

choices in the Ostensive condition, (2) proportion of correct choices in the Non-ostensive 762 

condition, and (3) a difference score between these conditions, in which performance in the Non-763 

ostensive condition was subtracted from performance in the Ostensive condition. 764 
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Model performance was assessed by visualizing posterior predictive checks and quantile-765 

quantile plots, as well as review of summary statistics to ensure that chains converged (all Rhat 766 

values < 1.01).  767 

Departures from the Pre-registration 768 

 We set out to implement our procedure and analysis plan exactly as described above; 769 

however, we found at the end of the data collection period that the methods and data analysis 770 

plan involved, or required, deviations from our registration. These adjustments are: 771 

1) In January, 2023, near the end of the data collection period, we discovered that for 772 

12/20 sites, the handler had kept their eyes open during the baiting and cuing process of the 773 

experimental procedure. Of these 12, five used a trained handler, three used guardian handlers, 774 

and four used a combination of guardians and trained handlers. Eight of the sites using a trained 775 

handler or combination reported that their handler had seen where the treat was hidden on at least 776 

one trial. One site that used guardian handlers reported that they had not instructed the guardians 777 

to close their eyes or look down at their shoes during the cuing and baiting process. 778 

2) Our pre-registered analysis of breed as a random effect required at least 8 individuals 779 

per breed. However, only six breeds had enough individuals to meet this criterion. Therefore, we 780 

conducted a comparable analysis in which we grouped breeds into 10 groups based on the 781 

Fédération Cynologique Internationale (FCI) breed categories. We included in our analysis 782 

purebred dogs from breed groups with at least 8 individuals in the sample (N = 243 of 7 FCI 783 

groups: Companion and Toy Dogs; Pinschers and Schnauzers; Pointing Dogs; Retrievers, 784 

Flushing Dogs, and Water Dogs; Sheepdogs and Cattledogs; Spitz and primitive types; Terriers). 785 
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3) Our original aim to explore the heritability of traits depended on reaching a threshold 786 

of eight individuals per breed. Because only six breeds met this criterion, we were not able to 787 

perform the originally planned pre-registered genetic analysis of among-breed heritability with 788 

our dataset. Instead, all breeds were included as long as at least three individuals had completed 789 

the study. Please see the exploratory analysis section of the paper for our post-hoc adjustment to 790 

this set of analyses.  791 

Main Experiment Results 792 

 Across 20 sites, we tested 704 dogs and received demographic information for 701 of 793 

them (M:F = 331:370, mean ± SD age = 4.4±3.1 years [range = 0.3-20.8]). Approximately 76.9% 794 

of the dogs were spayed or neutered, 53.8% were purebred, and 90.2% lived in private homes, 795 

9.6% lived in group/kennel housing, and 0.3% lived in other housing (Table S1). However, 249 796 

dogs of the 704 tested (35.37%) were excluded from the analysis because they failed to meet the 797 

inclusion criteria (235 failed to complete all trials and 14 experienced experimental errors during 798 

their sessions). This left 455 dogs for our analysis (M:F = 211:244, mean ± SD age = 4.5±3.1 799 

years [range = 0.3-20.8]). 800 

Confirmatory Analyses 801 
Performance Relative to Chance 802 

The dogs (N = 455) performed better than expected by chance in the Ostensive condition 803 

(Mean = 0.53, 95% CI [0.51, 0.54], t(454) = 3.47, p < .001, BF10 = 19.4) and in the Non-804 

ostensive condition (Mean = 0.52, 95% CI [0.51, 0.54], t(454) = 2.95, p = .003, BF10 = 3.8) but 805 

not in the Odor Control condition (Mean = 0.51, 95% CI [0.49, 0.53], t(413) = 0.92, p = .357, 806 

BF10 = 0.08) (Figure 4). Mean performance in all conditions at individual sites typically did not 807 

differ from chance with a few exceptions: three sites had Ostensive performance greater than 808 

chance, three sites had Non-ostensive performance greater than chance (Table S3). 809 
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Figure 4 810 

Violin and dot plot of dogs’ performance (N = 455) across the (A) Non-ostensive and Ostensive 811 

conditions and the (B) Odor Control condition. 812 

 813 

Note. The red dashed lines show the chance level of 0.5. Dots represent the mean proportion 814 
correct for each individual. The gray lines connect dots representing the same individuals. The 815 
error bars represent 95% within-subjects confidence intervals; the filled circles on top of the error 816 
bars show the means per condition. 817 
 818 
Condition Comparison 819 

The dogs did not choose the baited cup at different rates in the Ostensive condition 820 

compared to the Non-ostensive condition (Χ2(1) = 0.15, p = 0.70) (Figure 4A). This pattern was 821 

consistent across almost all sites (Figure S7). None of the control predictors (order of condition, 822 

trial number within condition, sex, age, C-BARQ trainability score) had any effect on dogs’ 823 

choices (Table 1). 824 
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Table 1 825 
Results of GLMM of the dogs' choice performance 826 

effect Estimate SE Lower CI Upper CI Chi-square df p BF* 

(Intercept) 0.13 0.09 -0.04 0.32     

Condition 0.02 0.05 -0.08 0.11 0.15 1 0.70 0.03 

Condition order -0.04 0.05 -0.13 0.05 0.56 1 0.45 0.04 

Trial number -0.03 0.02 -0.07 0.02 1.35 1 0.25 0.03 

Age 0.01 0.03 -0.04 0.07 0.26 1 0.61 0.02 

Trainability score -0.06 0.03 -0.12 0.01 2.61 1 0.11 0.09 

Sex:desexed -0.01 0.12 -0.24 0.24 0.00 1 0.95 0.08 

*Bayes factors for hypothesis that the predictor estimate is not 0. Thus, Bayes factors < 0.1 represent 
strong evidence that predictor estimates = 0.  

 827 
Exploratory Analyses 828 
Handler Bias 829 

One of our departures from the pre-registered protocol involved the unintentional 830 

introduction of handler visual bias during the experiment. Eight of our twenty sites reported that 831 

some of the handlers (both researchers and guardians, depending on the method used at 832 

respective sites) had been able to view the cuing and baiting process of at least one test trial. The 833 

confirmatory analyses presented previously included all 20 sites, but here we conducted an 834 

exploratory analysis testing whether the potential of handler viewing influenced dog responses. 835 

To test this, we dummy coded all sites as either having the potential (“yes”) or no potential (“no”) 836 

for observing the baiting and cuing. Then, we added this variable as a fixed effect to the GLMM 837 

investigating condition effects on responses. Dogs did not choose the baited cup differently at 838 

sites with the potential for handler visual bias compared to sites without the potential for handler 839 

visual bias (Χ2(1) = 0.01, p = 0.92). 840 
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Breed Group Effects 841 

We were not able to conduct the pre-registered breed analysis due to too few breeds with 842 

at least 8 individuals. Therefore, we conducted a comparable analysis in which we grouped 843 

breeds into 10 groups based on the Fédération Cynologique Internationale (FCI) breed categories. 844 

We included in our analysis purebred dogs from breed groups with at least 8 individuals in the 845 

sample (N = 243 of 7 FCI groups: Companion and Toy Dogs; Pinscher and Schnauzer; Pointing 846 

Dogs; Retrievers, Flushing Dog and Water Dogs; Sheepdogs and Cattledogs; Spitz and primitive 847 

types; Terriers). For this subset of data, we fitted a binomial GLMM identical to our main model 848 

but including breed group as a random intercept (along with subject and site ID) and all possible 849 

random slope components. Condition had no effect on the dogs’ choice performance (Χ2(1) = 850 

0.52, p = 0.47, BF = 0.07) (Figure 5). None of the control predictor variables (order of condition, 851 

trial number within condition, sex, neuter status, age, C-BARQ trainability score) had an effect 852 

on the dogs’ choice performance (Table S4). The only trend was that dogs that started with the 853 

Ostensive condition tended to choose the baited cup less often than dogs that started with the 854 

Non-ostensive condition. 855 

 856 

 857 

 858 

 859 

 860 

 861 

 862 
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Figure 5 863 

Plot of dogs’ performance in Non-ostensive and Ostensive conditions for each breed group with 864 

N >= 8. 865 

 866 

Note. Orange (Non-ostensive condition) and blue (Ostensive condition) bubbles represent the 867 
number of individuals at that performance level. Filled dots represent 95% within-subjects 868 
confidence intervals. The red dashed line shows the chance level of 0.5. 869 
 870 
Among-Breed Heritability Effects 871 

Because our final sample included only 6 breeds with 8 or more individuals, we could not 872 

meaningfully implement the pre-registered heritability analyses. Therefore, we conducted 873 

exploratory heritability models using a relaxed threshold for breed inclusion. We implemented 874 

these models for all purebred dogs with three or more individuals per breed (27 breeds; 208 875 

individuals) that were also represented in the genetic data. Because we did not differentiate 876 

between poodles of different sizes (e.g., standard, miniature, toy) when recording breed 877 

information for our participants, we averaged genomic data across poodles of all sizes when 878 
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calculating our breed average identity-by-state matrix. Additionally, because this resulted in a 879 

breed category characterized by substantial variation in body mass, we eliminated body mass as a 880 

covariate in the heritability models, retaining only covariates for dog sex and age. 881 

We present the posterior distributions of heritability estimates in Figure 6. Posterior distributions 882 

tended to be asymmetrical with long tails and thus we summarize these results with the posterior 883 

mode and 90% highest density continuous intervals. In all cases the posterior mode was near 0 884 

(Non-ostensive: 0.03, 90% highest-density continuous interval [0, 0.7]; Ostensive: 0.02, 90% 885 

highest-density continuous interval [0, 0.49]), indicating minimal genetic influence on the 886 

cognitive measures in this sample. The generally diffuse posterior distributions suggest that we 887 

cannot make confident inferences about genetic contributions to variance in the current sample.  888 

 889 

 890 

 891 

 892 

 893 

 894 

 895 

 896 

 897 

 898 
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Figure 6 899 

Posterior distributions of heritability estimates for models including dogs from breeds with three 900 

or more individuals with cognitive data. 901 

 902 

Note. Points reflect the posterior mode and lines reflect the 90% highest continuous posterior 903 
interval for each model. 904 
 905 
Within-Subject Reliability 906 

To examine the extent to which individual performance was stable across trials and 907 

conditions, we performed a split-half reliability analysis. We first split the data into odd and even 908 

trials (irrespective of condition) and aggregated the odd and even trial performance (mean 909 

individual performance). However, we found no evidence for a correlation between their 910 

performance in odd and even trials (Pearson correlation: r(452) = 0.07, 95% CI [-0.03, 0.16], p = 911 

.164, BF10 = 0.29; Figure S8A). Additionally, we aggregated the Ostensive and Non-ostensive 912 

condition performance of each subject. While the correlation between the two conditions was 913 
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small in magnitude, it was statistically significant, indicating a positive relationship between 914 

individuals’ performance in the two conditions (r(452) = 0.26, 95% CI [0.18, 0.35], p < .001, 915 

BF10 = 1.1×106; Figure S8B). 916 

Response Strategies 917 

Overall, it is not clear that subjects followed pointing cues often in this task. We were 918 

interested in exploring other strategies that the dogs could have employed. Two candidate 919 

strategies investigated in a previous pointing study are win-stay, lose-shift and win-shift, lose-920 

stay (Byrne et al., 2020). That is, rather than following cues, the subjects could simply continue 921 

choosing the same cup or switch to the other cup depending on whether they received a reward 922 

on the previous trial. To test whether dogs were using these strategies, we calculated for each trial 923 

(except the first in a block) whether the dogs’ performance followed a win-stay, lose-shift or a 924 

win-shift, lose-stay strategy based on their performance in the previous trial. We found that the 925 

win-stay, lose-shift strategy would have been negatively correlated with success (Pearson 926 

correlation: r(452) = -0.67, 95% CI [-0.71, -0.61], p < .001, BF10 = 5.9×1055; Figure S9A), and 927 

conversely a win-shift, lose-stay strategy would have been positively correlated with success 928 

(r(452) = 0.67, 95% CI [0.61, 0.71], p < .001, BF10 = 5.9×1055; Figure S9B). These correlations 929 

are likely caused by the pseudo-randomization of the baited side (the food was presented no more 930 

than two trials in a row on the same side). At a group level, the dogs did not engage in the win-931 

stay, lose-shift (Mean = 0.50, 95% CI [0.49, 0.51], t(453) = 0.06, p = .955, BF10 = 0.05; Figure 932 

S9C) or the win-shift, lose-stay strategy (Mean = 0.50, 95% CI [0.49, 0.51], t(453) = -0.06, p = 933 

.955, BF10 = 0.05; Figure S9D) above chance levels (0.5). 934 

An even simpler strategy would be to simply always choose the same side. Side biases are 935 

relatively common in animal choice experiments (Andrade et al., 2001; Miletto Petrazzini, 936 

Pecunioso, et al., 2020), including dog studies (Gácsi et al., 2009; Miletto Petrazzini, Mantese, et 937 
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al., 2020). In our study, this would be a reasonable strategy because it would result in a reward on 938 

average every other trial. Overall, in 49.9% of the trials, the food was located on the right side, 939 

and dogs chose the right side in 51.1% of trials. Side biases were relatively common with 78.0% 940 

of dogs biased more than 10% away from the experienced chance levels (Figure S10). This bias 941 

varied substantially across sites (Figure S11). 942 

No-Choice 943 

For dogs included in this analysis, dogs did not choose a cup (no-choice) in 2.0±4.3% 944 

(mean ± SD) of the trials (per dog). This differed between conditions with more no-choices in the 945 

Non-ostensive (2.4%, 95% CI [1.8, 2.9]) condition compared to the Ostensive (1.4%, 95% CI 946 

[1.0, 1.8]) condition. It did not matter if dogs experienced the Non-ostensive condition first 947 

(1.8%, 95% CI [1.3, 2.3]) or the Ostensive condition first (2.0%, 95% CI [1.5, 2.4]). Condition 948 

order also did not influence whether dogs were included in the final analysis: 67.7% of dogs that 949 

received Non-ostensive first were included compared to 66.4% of dogs that received Ostensive 950 

first. 951 

Discussion 952 

In ManyDogs 1, we aimed to assess a well-known phenomenon in canine science, dogs’ 953 

ability to follow human pointing, with a question that is theoretically interesting to many 954 

researchers in the field: do dogs understand and act on human pointing as though it is a social 955 

communicative gesture? In our inaugural study, with a sample of 455 dogs assessed across 20 956 

research groups, and using the same method as our pre-registered pilot study (N=61), we found 957 

that dogs do not robustly follow a human pointing gesture if it is performed in a momentary 958 

contralateral manner without gaze cues. Although dogs performed better than expected by chance 959 

in both the Ostensive and the Non-ostensive conditions (but not in the Odor Control condition), 960 
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their success was overall very low. In both test conditions, the 95% confidence intervals for the 961 

proportion of correct responses were between 0.51 and 0.54. Moreover, dogs did not perform 962 

differently between the two conditions (Ostensive mean = 0.53; Non-ostensive mean = 0.52), and 963 

no other predictors (order of condition, trial number within condition, sex, neuter status, age, C-964 

BARQ trainability score) significantly affected performance. This finding was consistent across 965 

sites with only one out of 20 sites showing a difference between conditions. Follow-up analyses 966 

also found no differences in performance across breed groups and no meaningful genetic 967 

influence on performance. Given the low performance levels, we investigated within-subject 968 

reliability and found no relationship between performance in even versus odd trials but a positive 969 

relationship in performance across the two conditions. Finally, we found no evidence of win-stay, 970 

lose-shift or win-shift, lose-stay strategies. Instead, it appears that many dogs simply chose one 971 

particular side for most trials, despite their willingness to approach both sides in warm-up phases. 972 

These side biases likely resulted from the dogs’ minimal attention to the pointing cues. Below, 973 

we briefly overview our three hypotheses and further discuss how we interpret our results given 974 

both our pilot results and the previous literature.  975 

 Our main hypothesis set forth that the use of ostensive cues preceding a human-given 976 

pointing cue would facilitate significantly above chance rates of point-following in dogs, while 977 

points lacking ostension would not. We did not observe this pattern in our study; instead, 978 

response rates were similar and only slightly above chance in both conditions. The low 979 

performance observed in the ostensive condition is surprising given the higher performance 980 

observed in our pilot study (Ostensive mean = 0.60, 95% CI [0.55, 0.65]) and previous work 981 

using a similar cue (e.g., Kaminski et al., 2012; Pongrácz et al., 2013). The low reliability in 982 

performance across trials further suggests that the point-following signal in our data was weak. 983 

Yet, we do not interpret our findings as suggesting that dogs are unable to follow pointing 984 



MANYDOGS 1: POINT-FOLLOWING IN DOGS   45 

gestures. Though the dominant view in the literature has been that dogs accurately, 985 

spontaneously, and flexibly follow ostensive pointing gestures, our multi-lab data highlight 986 

limitations in their point-following behavior. Thus, we propose that not all pointing gestures are 987 

equally likely to elicit point-following.  988 

In the present investigation, we used a single, specific pointing cue: contralateral, 989 

momentary (2 s), and without accompanying gaze cues to the target. This cue type was chosen 990 

through a consensus-building process among participating researchers; the resulting pointing 991 

style appears to have been particularly difficult for dogs, perhaps due to limited salience. There 992 

may also be other elements of the pointing style, such as speed, angle, or emphaticness that could 993 

be important and merit further investigation. We therefore suspect that the low point-following 994 

that we report is not necessarily generalizable to other pointing styles, while simultaneously, our 995 

finding raises questions about the reliability of point-following behavior that should be 996 

investigated further. This lack of point-following also limits the inferences we can draw from our 997 

primary comparison of ostensive and non-ostensive cues; the lack of difference between the 998 

conditions is not particularly meaningful in the absence of robust point-following. 999 

There is some empirical evidence to support the claim that additional human-given signals 1000 

may result in increased salience of pointing, and therefore higher rates of point-following in dogs. 1001 

Kaminski et al., (2012) observed that dogs (N=26) selected the correct cup at above-chance levels 1002 

(ca. 72% correct choices on average) when gaze alternation between the dog and the momentary, 1003 

cross-lateral cue was presented. Utilizing a similar method of pointing, Pettersson et al. (2011) 1004 

found that pointing helpfully with a cooperative tone of voice led to dogs' above chance 1005 

performance (N=40, mean percent correct: 59%), even in the first trial (15/20 dogs chose the 1006 

baited and cued cup). By including additional social cues with a pointing gesture, the signal level 1007 
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of the compound cue may reach a response threshold above which it is salient enough for dogs to 1008 

reliably follow.  1009 

However, three other studies have found convincing point-following in dogs without the 1010 

use of additional human-given signals, specifically, gaze alternation. Lakatos et al. (2009) and 1011 

Pongrácz et al. (2013) both conducted studies in which a similar pointing gesture to the current 1012 

study was used. In these studies, 15 and 46 dogs, respectively, were tested with a "long cross-1013 

pointing" gesture in a momentary manner, and without the experimenter following the hand 1014 

gesture with her gaze. Interestingly, we consider the pointing gesture in these studies to have 1015 

been particularly challenging in three respects: 1) the distance between the experimenter's tip of 1016 

the finger and the cup was four times larger (120 cm) than in our study (30 cm), 2) the distance 1017 

between the dog and the cup line was also greater (ca. 200 cm instead of 135 cm in our study), 1018 

and 3) the signaling duration was only 1 s instead of 2 s. Nevertheless, the dogs in these two 1019 

studies outperformed the current sample of dogs. The dogs chose the pointed cup significantly 1020 

above the chance, with on average more than 70% (Lakatos et al., 2009) and 69% (Pongrácz et 1021 

al., 2013). In the third study, the experimenter used a momentary “cross-forward pointing” in 1022 

which she pointed with her contra-lateral white hand in the direction of the correct location, but 1023 

her extended index finger did not protrude from her black silhouette, and still the dogs (N=14) 1024 

performed clearly above chance at 60% (Lakatos et al., 2007).  1025 

Dogs in the current study performed slightly above chance in the Ostensive condition, 1026 

following pointing at much lower levels than in previous research. Contrary to our original 1027 

prediction, there was no difference between pointing conditions, with dogs also performing 1028 

marginally above chance in the Non-ostensive condition. The low point-following we observed 1029 

does not align with previous investigations. In the study by Kaminski et al. (2012), domestic dogs 1030 
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treated the same human gesture differently if it was performed with a communicative intention or 1031 

not. More recently, Byosiere et al. (2022) found that dogs of varying ages were more responsive 1032 

to human ostensive signals than similar but non-ostensive ones. However, again, there are 1033 

methodological differences between the studies that must be emphasized. In both studies, the 1034 

experimenter did not only alternate gaze between the dog and the cup, but also established eye 1035 

contact and called the dog's name at the onset of the trial. We, therefore, do not know if the gaze 1036 

alternation between dog and cup is necessary to signal the dog to attend to the cup (referential 1037 

intention) or if the initial ostensive cues (eye contact, verbal addressing) are sufficient to indicate 1038 

that the communicative act is directed at them.  1039 

Our second hypothesis addressed whether dogs interpret pointing gestures as either an 1040 

imperative or informative signal. As acknowledged in the introduction, our protocol and 1041 

analytical plan were not designed to definitively discriminate between these two alternatives. 1042 

However, we indicated that if dogs interpret pointing gestures as imperative signals, trainability 1043 

could predict performance in both the ostensive and non-ostensive conditions. We found that 1044 

trainability did not predict performance; so given the low performance observed, it remains 1045 

unclear whether dogs interpret pointing cues as imperative or informative signals. We could 1046 

speculate that the above-chance responses in the Non-ostensive condition are suggestive of 1047 

obligatory following, as put forward by Topál et al (2014), or that dogs are relying on a 1048 

previously learned gesture-reward association (e.g., Wynne et al., 2008). Our results do not lend 1049 

compelling support to either of these explanations. If dogs felt obliged to respond or had learned 1050 

that pointing is accompanied by treats, we would expect to see a stronger behavioral response. 1051 

The third, and final, hypothesis was included as a control to make sure that dogs were 1052 

using the demonstrated visual cues when choosing between cups. We predicted that, as a group, 1053 

dogs would not rely on odor cues to make a choice between cups and therefore would not select 1054 
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the baited cup in the odor control significantly above chance. This is what we observed, across 1055 

research sites dogs performed at chance in the odor control condition, confirming previous 1056 

studies: dogs do not appear to spontaneously use olfactory cues to find hidden food in object-1057 

choice tasks, particularly when the task is presented in a visual modality (Szetei et al., 2003). 1058 

To our knowledge, this is the first dog pointing study to be provisionally accepted as a 1059 

registered report in which the methods and analytic plan were formalized before data were 1060 

collected. Registered reports typically yield positive results less frequently than other hypothesis-1061 

testing studies in the literature. For example, a study by Scheel et al. (2021) found that only 44% 1062 

of registered reports resulted in positive findings, compared to 96% in standard reports. Similarly, 1063 

high-powered replication studies in the social sciences have revealed the replicability to be 1064 

limited by false positives and exaggerated effect sizes in the literature (Camerer et al., 2018). A 1065 

plausible explanation for these findings is a publication bias in the field for positive outcomes. 1066 

The findings of the present study seem to support these concerns and suggest that dogs’ point-1067 

following is more limited than previously thought.  1068 

Limitations & Future Directions 1069 

We selected a multi-lab, single-protocol approach for ManyDogs’ initial study. Similar to 1070 

ManyBabies (e.g., The ManyBabies Consortium, 2020), the cost of behavioral data collection 1071 

with dogs is high and this avenue of sharing investigation efforts also offered the opportunity to 1072 

examine sources of variability between research sites. As we and other initiatives have discussed 1073 

(Byers-Heinlein et al., 2020; Forscher et al., 2022; ManyDogs Project et al., 2022), this 1074 

distributed, collaborative method to scientific investigation overcomes problems inherent to 1075 

single-lab investigations, but comes with its own challenges for conducting research activities. 1076 
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One of these challenges is inter-lab differences, both a strength and a limitation of this 1077 

study design. On the one hand, the single-protocol, multi-lab approach allowed us to explore 1078 

specific inter-lab variation in effects, an aim that is in line with the core motivations of large-1079 

scale replication projects (e.g., Klein et al., 2018). On the other hand, despite using a single 1080 

protocol across different research environments, uncontrolled differences between sites are 1081 

necessarily introduced. These might include factors inherent to the local site’s participant 1082 

recruitment procedure, testing environment, or personnel training on research protocols. Our 1083 

steps to standardize the protocol included a written protocol and video demonstrations. We also 1084 

reviewed and provided detailed feedback on two rounds of sample videos from each site to assist 1085 

in protocol learning and implementation. While this was a helpful–and necessary–process by 1086 

which research teams could receive feedback and move towards standardization, it was not 1087 

sufficient oversight to prevent variations from being introduced to the protocol. For example, we 1088 

discovered a major deviation from the pre-registered method in a majority of labs (i.e., handlers 1089 

did not close their eyes during test trial baiting). Since a large number of sites reported this 1090 

alteration in how they performed the protocol, it may reflect on the information organization of 1091 

the project and suggests that instructions could have been clarified or simplified for better 1092 

compliance. At the same time, it could be a broader-reaching indication of how difficult it is to 1093 

standardize a protocol across different individuals, let alone across separate sites. In a standard, 1094 

single-lab study, subtle yet important changes to how the protocol is executed may not be noticed 1095 

or reported. If a single experimenter is performing the demonstration, there is no available 1096 

comparison that would flag any gradual evolution in how a protocol is being performed from one 1097 

subject to another. In the process of scaling up and comparing notes across sites, we were given a 1098 

unique opportunity to shed light on how behavioral experiments are executed in canine science 1099 

(potentially across other areas of behavioral science as well), which makes us aware of additional 1100 
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sources of uncontrolled variability that are present in behavioral studies. Future work at both the 1101 

individual lab level as well as other big team science studies should consider how to minimize 1102 

this tendency and take steps to do additional experimental assessments aimed at maintaining the 1103 

protocol’s integrity.   1104 

Though this study represents an important investigation and replication of point-following 1105 

behavior in dogs, we are not able to extrapolate strong conclusions about this behavior across 1106 

other contexts, given that we were constrained by the type of pointing gesture that we examined. 1107 

We used one pair of contrasting pointing cues across sites which allowed us to assess replicability 1108 

of point-following in different cultural contexts, but this necessarily limited the breadth of our 1109 

exploration into how dogs perceive and respond to human pointing. Pointing can take many 1110 

forms (e.g., Soproni et al., 2002; Lakatos et al., 2009), and be presented in conjunction with a 1111 

variety of additional cues, including (but not limited to) vocalizations, facial expressions, and 1112 

gazing. We observed statistically significant but only slightly-above-chance responses across all 1113 

research sites. This is not to say that the findings of this study do not provide important insights 1114 

about dog-human interaction. Quite the opposite, our results suggest that there are limits to dogs’ 1115 

point-following and that simply pointing at an object does not necessarily elicit an accurate 1116 

behavioral response. Future studies of point-following in dogs should build on these results and 1117 

examine more closely the role that accessory cues have in motivating a following response, in 1118 

particular gazing at or alternating gaze between the subject and target, and build on our 1119 

understanding of the conditions in which dogs respond reliably to pointing.  1120 

Another challenge that we faced during this study was the COVID-19 pandemic. 1121 

Lockdowns interrupted our piloting in 2020 and continued to negatively impact data collection 1122 

and slow progress throughout. The combination of restrictions on in-person research activities 1123 

and the uncertainty of not knowing when the next wave of the virus could cause another 1124 
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lockdown made it extremely challenging for sites to plan data collection and resulted in long 1125 

delays and disruptions. Following health guidelines, some experimenters wore face masks, which 1126 

may have had an impact on dogs’ behavior in a social interaction task, potentially disrupting 1127 

attention to the experimenter’s face and therefore facial processing. More generally, pandemic-1128 

related social isolation has affected both dogs and owners and recent findings indicate there has 1129 

been a widespread increase in problem behaviors, such as bite incidence and severity (Habarth-1130 

Morales et al., 2022; Pitak-Arnnop et al., 2022) and worsening separation-related problems or 1131 

anxiety (Ribeiro et al., 2023; Sherwell et al., 2023). The extent of these effects across populations 1132 

are difficult to estimate, but this early work already indicates far-reaching impacts on dog-human 1133 

social interaction.  1134 

Anecdotally, many of the research groups in our study reported that more dogs than in 1135 

their past (pre-pandemic) studies were anxious upon arriving at the research site and during the 1136 

early stages of the experiment, in some cases being unwilling to eat food in the experiment room. 1137 

Unless dogs acclimated well, these dogs were often sent home without completing the study and 1138 

were excluded from the reported data analyses. Indeed, out of 704 dogs that showed up across 1139 

research sites to participate in the study, 235 dogs did not complete the protocol for various 1140 

reasons (e.g., anxiety, lack of motivation). This is a rather remarkable dropout rate of over 33% 1141 

of the total sample that attempted the task. Compared to studies that use a similar cue (0% 1142 

excluded in Lakatos et al., 2009; 3% excluded in Kaminski et al., 2011; 18% and 3% in 1143 

Experiments 2 & 3 excluded in Pongrácz et al., 2013) and even in non-pointing canine science 1144 

studies, this rate is unusually high (one exception reported a dropout rate of 56.4%; Stevens et al., 1145 

2022). It is important to note that this rate is a proportion of the total tested (i.e., a dog is included 1146 

in the sample after having attempted at least one warm-up trial), which is not how other studies 1147 

typically report this information. We believe that using this approach provides greater 1148 
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transparency about the costs of data collection in canine science, while underscoring the 1149 

practicality of big team science for gathering large samples through distributing the data 1150 

collection load across a network. The high rate of noncompletion we observed took a toll on our 1151 

final sample breed composition as well. This was a limiting factor on our ability to do a broader, 1152 

robust breed comparison and likely contributed to the wide distribution of heritability estimates. 1153 

Nevertheless, the inclusion of a large number of mixed breed dogs and relative consistency across 1154 

the breed groups sampled suggests that our results were not merely due to sampling breeds that 1155 

may be less receptive to human signals (Wobber et al., 2009; Gnanadesikan et al., 2020; Junttila 1156 

et al., 2022). 1157 

The data we have collected over the course of ManyDogs 1 is rich in additional 1158 

information, both about research subjects and the sites at which they participated in the study. 1159 

Beyond the planned analyses of our registered report, we were able to include key additional 1160 

(exploratory) analyses to account for our final sample and its limitations, as well as to explore the 1161 

unexpected findings of our study in more detail. Throughout the study we have collected large 1162 

amounts of additional demographic information (including C-BARQ scores) about individual 1163 

dogs, and this along with research site related data are open for use in secondary analyses. We are 1164 

making this data available with the publication with the hope that future investigations of dog-1165 

human social interaction will be able to incorporate it and examine additional hypotheses about 1166 

socio-cultural factors that play a role in dogs’ social behavior in a research study context.  1167 

At the larger consortium level, like other ManyX initiatives, we faced challenges of 1168 

accessibility and functionality when integrating and scaling up software platforms (e.g., GitHub, 1169 

Qualtrics, and Google Drive) to manage information sharing and data collection across many 1170 

research groups (e.g., see Byers-Heinlein et al., 2020). The absence of dedicated administrative 1171 

support and personnel was a main factor in deciding to automate sections of this process, a 1172 
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necessary tradeoff that imposed a higher learning curve on researchers who were not accustomed 1173 

to integrating these tools into their typical workflows. Future ManyDogs studies can improve on 1174 

this limitation by streamlining information resources, obtaining funding to support administrative 1175 

oversight, and implementing a comprehensive “collaborator training” into the onboarding process 1176 

that would support skill acquisition for individual collaborators joining the study. Looking at 1177 

accessibility in a different domain, along with related themes such as inclusion and diversity, the 1178 

first ManyDogs study is not representative of the global population of domestic dogs, nor the 1179 

researchers that study them. We were successful in uniting teams across nine countries, which is 1180 

a strong beginning for the consortium. However, there are many other research groups in other 1181 

parts of the world, and a priority for future projects is to grow the collaborative network to 1182 

connect with research teams outside of the Americas and Europe. This would facilitate the study 1183 

of groups of dogs with different roles in society besides companionship (e.g., working dogs or 1184 

free-ranging dogs).   1185 

 1186 

Conclusion 1187 

As an international consortium, the ManyDogs project represents a group of researchers 1188 

interested in conducting big team canine science with the aims to 1) enhance replicability, 2) 1189 

provide a platform for testing questions that require large and/or diverse samples, 3) quantify 1190 

differences across labs, and 4) foster collaboration. We realized these aims in our first empirical 1191 

study, ManyDogs 1, uniting a geographically distant network of canine science researchers in a 1192 

common project, then collectively investigating a question of theoretical importance in our field. 1193 

Twenty research groups across nine countries came together to implement a single-protocol 1194 

study, each working with different populations of dogs to evaluate dogs’ ability to follow human-1195 

given ostensive and non-ostensive pointing. The empirical results of this study do not provide 1196 
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evidence that ostensive cues (subject-focused gaze and dog-directed speech) positively impact 1197 

rates of point-following. Rather, we saw no difference between Ostensive and Non-ostensive 1198 

conditions and overall point-following was quite low. Although statistically significant, dogs’ 1199 

point-following was not substantially different from what would be expected by chance. These 1200 

findings suggest that there are limits to point-following behavior in dogs. The outcomes of 1201 

ManyDogs 1 demonstrate that big team science is not only of critical importance within the field 1202 

of canine science, but is strongly supported by researchers globally. Through this consortium, we 1203 

believe we can continue working to address questions within the field of canine science that have 1204 

previously been unanswerable, or inconclusive, without the mobilization of a large number of 1205 

researchers. There is a broad-scale and collaborative interest in expanding and maintaining an 1206 

interdisciplinary network in which diverse individuals studying various canine models can 1207 

contribute to the growth of scientific knowledge within canine science. Thus, we believe that the 1208 

future of the ManyDogs project is bright.   1209 
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Supplemental Material 1603 

Methods 1604 

Videos of the experimental procedure and questionnaires are available on the Open Science 1605 

Framework (https://osf.io/9r5xf/).  1606 

ManyDogs 1 Detailed Experimental Protocol 1607 

Order of Experiment 1608 
1. Warm-ups 1609 
2. Condition 1 (8 trials) 1610 
3. 1-minute play break 1611 
4. Refamiliarization (2 trials of 2-cup warm ups) 1612 
5. Condition 2 (8 trials) 1613 
6. 1-minute play break 1614 
7. Odor control (4 trials) 1615 

(Note: purpose of odor control is not to determine whether a given dog can use odor but whether 1616 
a given population of dogs or a certain lab’s dogs can do so.) 1617 
 1618 
Overall Guidelines for Object Choice Tasks with Cups 1619 

“Choice”  1620 

A choice is defined as the dog physically touching the cup with their snout or a front paw 1621 

(NOT an ear, back leg, or tail) (Figure S1). If the dog hits the cup with a back leg or their tail and 1622 

moves the cup more than a few inches or exposes the treat, redo the trial (experimental error). 1623 

Each trial allows the dog 25 seconds (s) from the release to make a choice. When a choice is 1624 

made, Handler (H) or Experimenter (E) says “choice” in a soft, neutral tone (primarily H’s job, E 1625 

can call if H doesn’t--usually because the dog is occluding the choice from the handler’s angle); 1626 

if the dog chose correctly, E may help them access the treat if necessary. E then blocks the dog 1627 

from making a second choice and H retrieves/recalls the dog. If the guardian is handling, E may 1628 

need to help return the dog to the guardian.  If the dog chooses the wrong cup, E does not make a 1629 

point of showing the unchosen cup to the dog or hiding the removal of the treat from the dog’s 1630 

https://osf.io/9r5xf/
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view. E should, as efficiently as possible, remove the cups after a choice has been made and 1631 

retrieve any uneaten treats while H is recalling and resetting the dog at start.  1632 

 1633 
Figure S1 1634 
 1635 
Photographic examples of (a) Not quite a choice and (b) a Choice. 1636 
 1637 

  
(A) (B) 

 
 1638 
Presenting the Reward: “Name/Puppy, look!” 1639 

E presents the reward by holding the treat up so the dog can see it, and saying “[Name], look!” or 1640 

“Puppy, look!” During warm-ups, if the dog is not attending, E can try to get their attention by: 1641 

repeating “name/puppy look”, whistling, or leaning closer to the dog and waving her hand around 1642 

in front of the dog (including such that they can smell the treat & lick E’s fingers). 1643 

 1644 

Handler Guidelines 1645 

The handler (H) should preferably be a trained lab member who can help with various aspects of 1646 

the procedure. If this is not possible for whatever reason, the guardian may handle. 1647 

 1648 

H sits in a chair behind the dog, centered behind the starting line (see Figure S2). At the 1649 

beginning of each trial H centers the dog with the dog’s front paws inside a 50 x 50 cm target 1650 
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box, and preferably facing toward E, with their head over the start line on the mat; the dog will 1651 

likely be between H’s knees or ankles, but this is not required. While it is preferred that the dog is 1652 

standing in a straight line between E and H, if the dog is resistant to being moved, it is fine if 1653 

their back legs are to the side of the box, so long as they are attending to E. H holds the tab/leash 1654 

straight back and looks down with their eyes closed. Once E has given the “now” signal, H says 1655 

“okay!” (or other release command) and drops the dog’s tab/leash/collar. 1656 

For each trial, when E says “now”, H releases the leash and says “okay” or other verbal 1657 

release specified by the guardian.  If the dog does not move from the start line within three 1658 

seconds, E has the option to say “nudge”, at which point H nudges the dog (gentle, centered tap 1659 

on the butt or shoulders). Once the dog leaves the start line, H should not touch the dog until the 1660 

end of the trial. H should praise the dog on each trial (including test trials) for successful recalls 1661 

(i.e., after the dog turns away in response to H’s recall command), but like E, should not praise 1662 

the dog for making a choice during test trials.  1663 

 1664 

• Trained handlers: may open their eyes after E says “now” and the dog has been released. 1665 

Trained handlers are expected to time the trial length (25 s), call choices, and 1666 

retrieve/recall the dog after each trial. 1667 

• Guardian handlers: After E says “choice” or “time”, the guardian can open their eyes and 1668 

recall/retrieve the dog to return to them for the next trial. E may need to help return the 1669 

dog to the start line. 1670 

 1671 
 1672 
 1673 
 1674 
 1675 
 1676 
 1677 
 1678 
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Figure S2 1679 
The handler’s positioning. 1680 
 1681 

  

  
Note. Top two photos are preferred. Bottom left is acceptable. Bottom right is not allowed; the 
dog should be repositioned so that both front paws are in the blue (50 x 50 cm) box. 

 1682 
Experimenter Guidelines 1683 

E’s resting position = kneeling, looking down at their knees/the floor immediately in front 1684 

of their knees, and with hands on the side of their thighs and elbows tucked into rib cage (see 1685 

main Figure 2).  1686 

The experimenter (E) begins each phase by kneeling, centered behind the experimenter’s 1687 

line (~30 cm behind the cup line). The cup line and locations should be clear of all stimuli at the 1688 
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start of each trial. This allows the dog to observe cups being placed at the start of trials across 1689 

all phases, demonstrating that there are no hidden treats under the cups, and they only need to 1690 

track the one that E shows during baiting.  1691 

During warm-ups and ostensive trials, E presents the reward from the center position, says 1692 

“[Name], look!”, then baits the appropriate cup and repeats the “[Name], look!”, and either 1693 

performs the appropriate social cue or kneels in resting position.  1694 

At the end of the baiting and cueing procedure, from resting position E says “now” in a soft 1695 

neutral tone to signal H to release the dog’s leash and say “okay” (or another release command 1696 

that a given dog is reported to have). 1697 

If the dog does not move from the start line within three seconds, E can say “nudge”, at 1698 

which point H nudges the dog. (Nudges should be recorded at the end of each trial, or from video 1699 

post session). If the dog does not move from the start line after another 3 seconds, E may repeat 1700 

“now”, and the handler “OK” once more. The order of “nudge” and the second verbal release can 1701 

be reversed if it seems appropriate with a given dog (i.e., if they are not comfortable with a 1702 

stranger touching their hindquarters and are likely to startle or based on what worked in past trials 1703 

with that dog).  1704 

If the dog chooses correctly, they may move the cup such that they access the treat 1705 

themselves, but if they are unable to get the treat, E tips/lifts the cup to let them access the treat. E 1706 

may need to prevent the dog from making a second choice (either block the dog’s path or remove 1707 

the cups). 1708 

Note, on every trial, E will give two attention directing verbal/vocal signals prior to 1709 

signally H to release the dog. For warm ups, the first verbal cue is just prior to showing the treat, 1710 
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and the second just prior to baiting. On test trials, the first cue occurs just prior to showing the 1711 

treat, and the second just prior to executing the point. 1712 

Warm-Ups  1713 

All warm-ups should take place in 15 minutes or less. After 15 minutes, the warm-ups 1714 

should be halted and the dog moved on to the test trials. If warm-ups end because the time limit 1715 

has been reached, this should be indicated on the coding sheet and noted during data entry.  1716 

The dog is required to pass a warm-up criterion prior to completing any other tasks with 1717 

cups. The false-baited cups should be used throughout all warm-ups. Warm-up trials ensure that 1718 

the dogs are motivated to search for the treat and to prevent side biases. These trials consist of 1719 

three phases: (1) no-cup visible placement and free-form cup familiarization game, (2) one-cup 1720 

alternating visible placement, and (3) two-cup visible placement.  1721 

Positioning and setup: 1722 

H holds the dog at the starting line. E kneels in the center, approximately 30 cm behind 1723 

the cup line or 1.6 m from the dog (main Figures 1-2). When baiting, E should lift the cup 1724 

approximately 10 cm off the ground (visible but not too high). 1725 

E Guidelines for Warm-Ups: 1726 

E should praise the dog for retrieving treats throughout warm-ups. E should look down in resting 1727 

position after baiting while dog makes their choice.  1728 

Phase 1 – no-cup visible placement and free-form cup game 1729 

Visible treat placement 1730 

First, there are two repetitions of treat-only (“no-cup”) trials to make sure the dog likes 1731 

the treat and is willing to eat it off the testing area floor.  1732 
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1. 1st visible placement. E says “[Name], look!”, then presents the treat by holding it out 1733 

between thumb and forefinger in front of their body, and tries to make eye contact with 1734 

the dog.  1735 

2. E repeats “[name], look!” as they visibly place the treat on the floor halfway between the 1736 

dog and experimenter.  1737 

3. E returns to resting position with their hands on the sides of their thighs, looks down at 1738 

the treat, and says “now” in a neutral tone, signalling H to say “okay”and release the 1739 

dog’s leash. The dog is then allowed to approach the treat and retrieve it. 1740 

4. 2nd visible placement. Repeat steps 1-3, but place the treat directly in front of E on the 1741 

cup line to encourage the dog to approach closer to E.  1742 

NOTE: If the dog does not approach the treat within 25 s, the trial is repeated. If the dog 1743 

approaches/climbs on E or sits and waits for E, the trial may be repeated until the dog retrieves 1744 

the treat immediately on its own. 1745 

 1746 
Free-form cup games 1747 

After the dog has retrieved the treat successfully from each visible placement, E plays a 1748 

free-form cup game with the dog to familiarize them with finding treats under cups (Figure S3).  1749 

1. The dog is held at the start line.  1750 

2. Is at resting position and places a single cup in front of them on the cup line. 1751 

3. E says “[name], look!” and presents a treat, before hiding it under the cup. 1752 

4. E says “now” in a neutral tone which cues H to say “okay” and releases the dog to search 1753 

and interact with the cup.  1754 
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5. When the dog touches the cup, E can lift the cup away and the dog is allowed to eat the 1755 

treat underneath.  1756 

6. E should set up a minimum of 3 cup touches/trials, but can use more if necessary for a 1757 

given dog that hesitates to interact with the cups. This game may take 1-2 minutes. The 1758 

goals are to build an association between the cups and rewards and to shape the behavior 1759 

of touching the cups. 1760 

NOTES: 1761 

• As needed, E can tilt, lift, or tap the cup to draw the dog’s attention to the treat and 1762 

encourage them to touch the cup (but do not point).  1763 

• These hiding instances happen in quick succession without recalls to keep the dog fully 1764 

engaged. H does not recall the dog until E indicates that cup games are complete. 1765 

• The cup can be placed in various locations on or near the cup line.  1766 

• Avoid baiting one of the search locations more than the other during this phase as that 1767 

could potentially create bias in the dog.  1768 

• Although we have set a minimum passing criterion for cup games, more trials can be done 1769 

if the experimenter feels they would be beneficial. Please note that this is the only stage of 1770 

the process with this flexibility; additional trials are not allowed in subsequent phases of 1771 

warm-ups, so now is the time to make sure the cup-reward association is strong. 1772 

 1773 

 1774 

 1775 

 1776 
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Figure S3 1777 

Free-form cup games. 1778 

   

Note. Building the association between touching the cup and getting treat, no matter where the 
cup is. 

 1779 
Phase 2- one-cup alternating visible displacement 1780 

Moving directly from free-form cup games once the dog confidently approaches and touches the 1781 

cup, E begins one cup alternating warm-ups. This phase of warm-ups familiarizes the dog with 1782 

the setup and assures that the dog is motivated to find the treat. The dog is required to 1783 

successfully retrieve the treats on 4 trials, twice on each side, to move on (within a maximum of 1784 

seven trials). These trials do not need to be consecutive. Refer to the sequences pre-set in the 1785 

coding sheet for treat location order.  1786 

The dog is held at the start line by H, E is at resting position. 1787 

1. E places one cup next to the location indicated by the pre-set order. 1788 

2. E says “[Name], look!”, then presents the treat by holding it out between thumb and 1789 

forefinger in front of their body.  1790 
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3. E repeats “[name], look!”, trying to make eye contact with the dog while placing the treat at 1791 

either the R or L position, lifting the cup to cover the treat (see Figure S3). 1792 

3.1. Recommendation: Bait the cup with the opposite hand to avoid moving the cup in front 1793 

of the treat and blocking the dog’s sight line. I.e., if baiting the R location, hold the treat 1794 

in the L hand and use the R hand to lift the cup and cover the treat deposited by the L 1795 

hand.  1796 

4. After baiting, E kneels at the E location in resting position (looking at knees or at floor right 1797 

in front of knees) and after a brief pause of ~2 seconds says “now” in a neutral tone to cue H 1798 

to give the verbal release “okay” and allow the dog to search.  1799 

4.1. If the dog does not approach the cup in 25 s, E may call the dog over, show the treat if 1800 

necessary, encourage them to touch the cup on their own and reward them for touching it 1801 

by lifting the cup away, and allow them to eat the treat that was under the cup.  1802 

5. When the dog makes contact with the cup, E/H verbally marks the touch in a neutral tone.  1803 

5.1. Reminder: the dog should be praised by E/H on warm-ups.  1804 

6. H recalls the dog to reset for the next trial. 1805 

7. E removes the cup until the dog is facing them from the start line and can observe the cup 1806 

being placed for the next trial.  1807 

8. Steps 1-7 are repeated for 4 correct trials, or until the dog has had 7 total trials. 1808 

8.1. Repeating these trials serves as a correction procedure for spontaneous side biases and 1809 

ensures that dogs gain experience finding the treats in both locations. 1810 
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8.2. Once the dog has correctly touched the cup on four trials, move on to phase 3 (please do 1811 

not do any extra trials at this stage, move on directly once they reach four correct 1812 

touches). 1813 

Phase 3: two-cup visible displacement 1814 

A predetermined sequence of baiting the R and L locations is set out in the coding sheet 1815 

for E to follow. This phase of warm-ups assures that the dog is not choosing cups randomly and 1816 

is fixing attention on the experimenter’s actions (Figure S4). Dogs are required to choose 1817 

correctly on the first presentation (i.e. column A of the datasheet) for four out of six 1818 

consecutive trials to advance to test trials within a maximum of 20 trials (including repeated 1819 

trials, but not refamiliarizations).  1820 

1. With the dog watching from the start line, E places both cups at the R and L locations on the 1821 

floor.  1822 

2. E says “[Name], look!”, then presents the treat by holding it out between the thumb and 1823 

forefinger in front of their body.  1824 

3. E repeats “[name], look!”, trying to make eye contact with the dog while placing the treat at 1825 

either the R or L position, lifting the cup already in place to cover the treat (Figure S4). 1826 

4. After baiting, E kneels at the E location in resting position and after a brief pause of ~2 1827 

seconds says “now” in a neutral tone to cue H to give the verbal release “okay” and allow the 1828 

dog to search.  1829 

5. The dog is then allowed 25 s to make a choice. If the dog touches the baited cup before the 1830 

empty cup, the dog is allowed to have the treat.  1831 
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6. Upon the dog making a correct choice, E praises the dog and H recalls and resets for the next 1832 

trial.  1833 

6.1. If the dog chooses the incorrect cup, E can either say “choice/touch” or “miss” in a 1834 

neutral tone, (if the verbal marker being used depends on the dog’s choice, say “miss”, if 1835 

using the same verbal marker regardless of choice, say “choice/touch” “hit/miss”). The 1836 

dog is not allowed to access the other cup with the treat, and that specific trial is 1837 

repeated until the dog chooses correctly. If the dog does not choose any cup within 25 s, 1838 

the trial is repeated. See the Refamiliarization procedure below.  1839 

7. E removes the cups while the dog is being reset, waiting to place them at the R and L 1840 

locations for the next trial until the dog is at the start line and facing forward.  1841 

8. Steps 1-7 are repeated until the dog:  1842 

8.1. meets the criteria of 4 correct trials within the sliding window of 6 trials (at which point, 1843 

please proceed to test trials; do not perform additional trials at this stage). 1844 

8.2. has completed a maximum of 20 trials including repeated trials. 1845 

8.3. has not met criteria but a total of 15 minutes has elapsed since the beginning of the 1846 

warm-ups. 1847 

 1848 
 1849 
 1850 
 1851 
 1852 
 1853 
 1854 
 1855 
 1856 
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Figure S4 1857 
Two-cup visible displacement from the dog’s point of view. 1858 

 

Note. Baiting and eye-contact as in both one-cup and two-cup visible displacement. 

 1859 

Refamiliarization Procedure 1860 

If the dog does not choose a side for two trials (i.e.,No-Choice, NC) in a row, go back to 1861 

the previous step of warm-ups. Specifically, if the dog no-choices twice in a row during phase 2 1862 

(one cup), resume cup games until the dog seems reengaged; then resume trials. If the dog does 1863 

not choose on two trials in a row during phase 3 (two cups), conduct 2 trials of phase 2 (one-cup 1864 

alternating).  1865 

Abort Criteria/Procedure 1866 

• If the dog stops interacting with cup games for about 1 min, try increasing treat value. If 1867 

the dog still does not engage, abort the session.  1868 

• If the dog no-choices twice in a row, refamiliarize with the procedure as explained above. 1869 
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• If there are 4 NCs total within either phase 2 or phase 3 of warm-ups (including 1870 

refamiliarizations), abort the session. (In other words, the count resets between phase 2 1871 

and phase 3.) 1872 

• If 7 trials of phase 2 or 20 trials of phase 3 have been conducted (including repeated trials, 1873 

but not refamiliarizations), and the pass criterion has not been met, move on to test trials, 1874 

noting that warm-up criteria were not met. 1875 

• If warm-up tasks take up the allotted 15 minutes,  move on to test trials noting that warm-1876 

up pass criteria were not met.  1877 

NOTE: Dogs may continue to test trials if they have been consistently making choices, but not if 1878 

they have not passed due to no-choice responses. Dogs who abort warm-ups may not ultimately 1879 

be included in the final main analysis but will used for exploratory analyses. If there is limited 1880 

time (or if in a situation where many other dogs are available in a fixed time), a dog who does not 1881 

pass warm-ups may abort at this stage (but the collected data must still be reported). 1882 

Test Trials with Social Cues 1883 

In the test trials, baiting will be occluded. E places cups on the line connecting the final 1884 

cup locations with the occluder ~10 cm behind, blocking the dog’s view of the cups. E presents 1885 

the subject with the reward (either ostensively or non-ostensively), places the treat in front of one 1886 

of the cups (but near the center), lifts both cups at the same time, and places them over the treat 1887 

and empty space (Figure S5A-B). E places the occluder behind them and slides the cups into the 1888 

positions marked on the mat, while looking straight down (Figure S5B). (Note: it is better for the 1889 

cups to not end up precisely in the circles than to look to one side or the other.) 1890 

 1891 

 1892 
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Figure S5 1893 
The protocol for test trials with social cues 1894 

  

A B 

Note. (A) Occluded Baiting. The dog cannot see the cups or the treat while baiting, but the 
occluder is small enough that the dog can see the experimenter. (B) Moving the cups from their 
occluded position out to their final positions (in the cup circles) while looking down. Note that 
the cups are held close to the base for maximum stability and control - they are less likely to tip 
over with this hold. 

There are two styles of social cues being presented in counterbalanced block order 1895 

between participants; “ostensive” social cueing, and “non-ostensive” social cueing. Each style is 1896 

presented as 1 block of 8 trials, and the order of the blocks is determined according to the 4 1897 

coding sheets that have been prepared for this study. Dogs should complete both blocks (total of 1898 

16 test trials) and sites should use equal numbers of the 4 coding sheets so that equal numbers of 1899 

dogs will be assigned to each order (ostensive first vs. non-ostensive first, to control for learning 1900 

or other order effects). In the minimum sample, this will result in 4 dogs completing both blocks 1901 

of test trials on each of the 4 coding sheets, for a total of 16 dogs (8 non-ostensive first and 8 1902 

ostensive first).  1903 

Note: test trials are not repeated if the dog chooses the un-baited cup (i.e., does not follow 1904 

the point). They are only allowed to make 8 cup choices in total for each test block. The only 1905 

time test trials are repeated if the dog does a “no-choice.” 1906 
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Pointing 1907 

In both conditions, the point should consist of the index finger of the contralateral hand 1908 

extended approximately 20 cm from the cup. The point should be a direct movement of the hand 1909 

from the resting position on the side of the thigh, across the body, to the direction of the point 1910 

(without lifting the hand above the sternum or activating the elbow more than absolutely 1911 

necessary). E’s torso should remain facing squarely forward (not twisted towards one side, by 1912 

keeping a soft bend in the elbow throughout the point it is easier to keep shoulders from rotating). 1913 

Note: the physicality of the point may vary slightly from experimenter to experimenter, but each 1914 

site’s experimenters should endeavor to use the exact same style of physical point and torso 1915 

position for each condition (with only the ostensive vocal and gaze components differing) so as to 1916 

be consistent within their sample of dogs.  1917 

We have provided video examples of how the point should be performed, and as part of 1918 

the set-up process we will be reviewing experimenter practice videos from each site to provide 1919 

feedback and assistance with mastering the gesture and general aspects of the protocol as 1920 

necessary.  1921 

The timing of the pointing gesture should be as follows: 1922 

From resting position, E: 1923 

• Creates contralateral point gesture, taking 1 second to move hand from side thigh to 1924 

completed point.  1925 

• Holds point gesture stationary for 2 seconds. 1926 

• Reverses arm motion to return to resting position, taking 1 second to retract point gesture.  1927 
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• Waits in resting position (looking down at knees/floor in front of knees, arms tucked in at 1928 

sides) for 1 second after retracting point before signalling H. 1929 

In resting position E says “now” in a low monotone voice to signal H to say “okay” (or 1930 

other release command) and release the leash. Until this point, H should be holding the 1931 

leash/collar/dog but looking down with their eyes closed so that H is unaware which side is being 1932 

indicated. Once H releases the dog, the dog has 25s to make a choice.  1933 

On test trials E does not praise the dog. If the dog requires refamiliarizations, E may 1934 

praise on refamiliarizations. H should always praise the dog when they are successfully recalled 1935 

to the starting box, not when they make a choice during test trials. 1936 

At the beginning of test trials, E starts at the E location with false baited cups and 1937 

occluder within easy reach but not on or hiding the cup line. This is to ensure that the dog can 1938 

see when the stimuli are placed and know that no other treats are being hidden other than the 1939 

single treat presented on each trial.  1940 

H holds the dog at the start box.  1941 

1. At the start of each trial, E places both cups to either side of the midpoint of the cup line 1942 

connecting the R and L locations, while the dog watches from the start box.  1943 

2. E places the occluder ~10cm in front of the cups where they are set on the cup line, hiding the 1944 

cups from the dog’s view.  1945 

3. E presents the treat over the top of the occluder with their dominant hand in one of the 1946 

following ways, determined by the condition:  1947 

3.1. Ostensive condition: E says “[name], look!”, and presents the treat making eye contact,  1948 
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3.2. Non-ostensive condition: E clears their throat, then presents the treat without making 1949 

eye contact (looking down at the floor) 1950 

4. E places the treat on the floor between the cups  1951 

5. Working behind the occluder, E simultaneously picks up both cups at the same time and 1952 

places one over the treat, following the pre-set sequence of R and L on the coding sheet, and 1953 

places the other (empty) cup next to it.  1954 

5.1. Both cups should be moved in perfect synchrony to avoid any unintentional cuing to the 1955 

dog.   1956 

6. E removes the occluder from in front of the cups and places it behind them.  1957 

7. E simultaneously slides the cups apart to the R and L positions marked on the mat while 1958 

looking at the center of the cup line. 1959 

7.1. Avoid sliding the cups too quickly and hold near the cup opening to avoid pushing a cup 1960 

over while it’s in motion. 1961 

8.  Then E places both hands on the sides of their thighs in resting position, with elbows tucked 1962 

in close to their ribcage (main Figure 2). 1963 

9. E gives the social cue: 1964 

9.1. Ostensive condition: E makes eye contact with the dog, E says in a high-pitched voice 1965 

“[Name], look!”, before pointing toward the cup with the reward. E maintains eye 1966 

contact with the dog with torso squared forward throughout verbal and point cues 1967 

following the timing detailed above (main Figure 3). E maintains a calm, neutral facial 1968 

expression. 1969 
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9.2. Non-ostensive condition: E keeps gaze averted from the dog by looking down, E clears 1970 

throat and points toward the cup with the reward, looking down at their elbow and 1971 

keeping torso squared forward, following the timing detailed above (main Figure 3). E 1972 

maintains a calm, neutral facial expression. 1973 

10. After completing the point gesture, E assumes resting position (looking down at knees/floor 1974 

in front of knees, hands on the side of thighs with elbows tucked in) and holds for 1 s, then 1975 

from resting position E says “now” in a soft neutral tone which cues H to give the verbal 1976 

release “okay” and let the dog go to search.  1977 

11. When the dog touches one of the cups, E/H will give the verbal marker of “choice”, ”touch” 1978 

or “miss” (but no praise) in a neutral tone and, if necessary, assist the dog to search by tilting 1979 

the chosen cup back or lifting slightly to allow them to search underneath.  1980 

11.1. If the dog chooses the baited cup they receive the treat hidden there. While 1981 

showing the dog what is under the chosen cup, E simultaneously prevents the dog from 1982 

making more than one choice, removing the unchosen cup from access, if necessary. 1983 

(With tab-leash handling and a quick handler, this may not be necessary.) 1984 

11.2. If the dog chooses the un-baited cup, they do not receive anything on that trial. E 1985 

and H should ensure that they do not try to choose the other cup (removing from reach, if 1986 

necessary).  1987 

11.2.1. Remember: Incorrect choice trials are not repeated.  1988 

11.2.2. NOTE: it is important to avoid moving from resting position to assist/remove the 1989 

unchosen cup until the dog has made a choice, this could result in unintentional 1990 

cuing by moving early.  1991 
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11.2.3. NOTE: the verbal marker used should be consistent within the research group, but 1992 

it is up to the group to determine if they want to use the same verbal marker 1993 

independent of dog’s choice (i.e., “Choice), or if they want a different verbal marker 1994 

for correct and incorrect choices (i.e., “choice” when correct, “miss” when 1995 

incorrect).  1996 

12. After making a choice, the dog is recalled by H, praised for recall and reset at the start line for 1997 

the next trial.  1998 

13. Repeat steps 1-13 for a total of 8 trials of one type of social cue 1999 

14. Following the 8th trial, take a 1-minute play break.  2000 

15. After the play break, resume testing with a short refamiliarization of 2-3 2-cup warm-up trials 2001 

to re-engage the dog.  2002 

16. Immediately after the 2-cup refamiliarization, begin block 2 of test trials (the condition order 2003 

in each block of test trials is counterbalanced on the coding sheets, do not deviate from this 2004 

pre-set order).  2005 

17. Follow steps 1-14 to complete block 2 of test trials. 2006 

Abort Criteria 2007 

If the dog does not make a choice within 25 s, the trial is repeated. This applies to all trial 2008 

types within the protocol. If the dog no-choices (NC) twice in a row, refamiliarize with two trials 2009 

of two-cup alternating warm-ups. Also abort a given condition after 4 total NCs, including those 2010 

on refamiliarization trials. If a dog aborts one condition, continue on to the play break, 2011 

refamiliarization, and the other condition. 2012 

                  2013 
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Odor Control 2014 

Use the occluder and clean, un-baited cups for this task without a treat taped into the cup. 2015 

Only one verbal cue is given when presenting the treat (similar to ostensive trials, using eye-2016 

contact and “[dog name], look”), and no pointing cue is administered on the four odor control 2017 

trials. Baiting procedures and choice criteria are the same as in test trials. The dependent measure 2018 

for this task is the percent of trials that a dog chooses the baited cup.  2019 

Note: the point of odor control here is not to determine whether a given dog can use odor 2020 

but whether a given population of dogs or a certain lab’s dogs can do so. 2021 

1. E places the cups on the center of the cup line, just to either side of the midpoint while the 2022 

dog observes from the start box.  2023 

2. E places the occluder ~10 cm in front of the cups hiding them from the dog’s view.  2024 

3. E presents the treat similar to the ostensive test condition above, i.e., says “[Name] look!” and 2025 

makes eye contact with the dog when presenting the treat.  2026 

4. E places the treat under one of the cups behind the occluder (simultaneously moving the cups 2027 

to avoid accidental cuing) according to the sequence on the coding sheet.  2028 

5. E removes the occluder from in front of the cups and places it behind them.  2029 

6. E simultaneously moves the cups from the center to their lateral positions while looking down 2030 

at the midpoint of the cup line 2031 

7. After moving the cups to the R and L locations, E pauses in resting position for ~2s then says 2032 

a neutral “now”, signaling H to say “okay” and release the leash for the dog to make a choice, 2033 

maintaining their downward gaze for the trial duration.   2034 
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8. The dog is allowed to make one choice and receives the hidden treat if they touch the baited 2035 

cup before the empty cup. 2036 

8.1. E should remove the unchosen cup from access as in test trials.   2037 

8.2. E should praise the dog for a correct choice. 2038 

8.3. If the dog no-choices, move on to the next trial.  2039 

9. H recalls the dog to the start box 2040 

9.1. While the dog is being reset, E clears the cups and any treats off the floor.  2041 

10. Steps 1-9 are repeated for four trials according to the sequence of R and L on the coding 2042 

sheet. 2043 

 2044 

 2045 

 2046 

 2047 

 2048 

 2049 

 2050 

 2051 

 2052 

 2053 
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Table S1 Research site information and demographics listed alphabetically by site name.  2054 
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Animal Health and Welfare 
Research Centre (AHWRC) 

Marianne 
Freeman 

Winchester, United 
Kingdom 2 18 9 3.3±2.6 

(0.7-9) 8:10 8 
P = 18 
G = 0 

 
Lab USCEC 6321 

(ERSG) 

Arizona Canine Cognition 
Center (ACCC) 

Evan 
MacLean Tuscon, AZ, USA 3 18 10 6.4±3.4 

(1.3-12.7) 9:9 16 
P = 18 
G = 0 

 
Lab 16-175 (IACUC) 

Auburn Canine Performance 
Sciences (ACPS) 

Lucia 
Lazarowski Auburn, AL, USA 3 23 17 4±2.1 

(0.9-8.9) 10:13 19 
P = 9 

G = 14 
 

Lab, 
Facility 

2020-3725 
(IACUC) 

Boston Canine Cognition Center 
(BCCC) 

Angie 
Johnston Boston, MA, USA 3 19 9 4.4±3.1 

(0.9-12.1) 8:11 18 
P = 19 
G = 0 

 
Lab 2020-001-01 

(IACUC) 

Brown Dog Lab (BDL) Daphna 
Buchsbaum Providence, RI, USA 4 35 8 4.4±2.7 

(0.9-11) 19:16 33 
P = 35 
G = 0 

 
Lab 20-05-0002 

(IACUC) 

Canid Behavior Research Group 
(CBRG) 

Camila 
Cavalli 

Buenos Aires, 
Argentina 3 32 15 5.3±2.7 

(1-9.4) 12:20 25 
P = 32 
G = 0 

 
Home 124-22 (CICUAL) 

Canine Cognition Center at Yale 
(CCC) 

Laurie 
Santos New Haven, CT, USA 3 19 12 4.3±2.9 

(0.7-11.4) 8:11 17 
P = 19 
G = 0 

 
Lab 2020-11448 

(IACUC) 

Canine Cognition and Human Jeffrey Lincoln, NE, USA 5 33 15 4.5±2.8 19:14 32 P = 33 
G = 0 

Lab 2132 (IACUC); 
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Interaction Lab (CCHIL) Stevens (0.5-11.8)  20491 (IRB) 

Canine Companions (CCI) Emily Bray Santa Rosa, CA, USA 3 16 5 1.6±0.1 
(1.3-1.8) 4:12 6 

P = 1 
G = 15 

 
Facility 16-175 (IACUC) 

Canine Research Unit (CRU) Carolyn 
Walsh St. John’s, NL, Canada 3 18 12 4.6±2.9 

(1.6-12.9) 10:8 18 
P = 18 
G = 0 

 
Lab 22-01-CW (ACC) 

Clever Dog Lab† (CDL) Ludwig 
Huber Vienna, Austria 3 61 60 5.13±3.3

1 (1-12) 26:35 25 
P = 61 
G = 0 

 
Lab 081/05/2020 

(ETK) 

Comparative Cognition Lab 
(CCL) 

Debbie 
Kelly Winnipeg, MB, Canada 3 20 16 4.8±3.2 

(0.7-12) 11:9 20 
P = 20 
G = 0 

 
Lab F21-019 

(AC11704) (ACC) 

Comparative Cognitive Science 
Lab (CCSL) 

Ljerka 
Ostojić Rijeka, Croatia 2 20 10 5.1±2.8 

(1-10.1) 5:15 16 
P = 20 
G = 0 

 
Lab 

Exempt (Narodne 
novine nr. 102/17 
and 32.19) 

Consultorio Comportamentale 
(CC) 

Daniela 
Alberghina Messina, Italy 2 17 12 5.4±3.4 

(1.1-11.6) 9:8 4 
P = 17 
G = 0 

 
Lab 065\_2021 (CE) 

Department of Psychology and 
Individual Differences (DPID) 

Anna 
Reinholz Warsaw, Poland 4 32 26 5.2±2.9 

(0.7-12) 12:20 18 
P = 32 
G = 0 

 
Lab Exempt (Dz. U. 

2021 poz. 1331) 

Dog Cognition Centre (DCC) Juliane 
Kaminski 

Portsmouth, United 
Kingdom 5 38 21 5.7±3.6 

(1.4-14.1) 23:15 33 P = 38 
G = 0 

Lab 522D (AWERB) 
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Duke Canine Cognition Center 
(DCCC) Brian Hare Durham, NC, USA 3 19 7 5.1±3.5 

(0.3-12.5) 8:11 15 
P = 19 
G = 0 

 
Lab A150-20-07 

(IACUC) 

Leader Dogs for the Blind‡ 
(LDB) 

Sarah-
Elizabeth 
Byosiere 

Rochester, MI, USA 2 16 10 1.3±0 
(1.2-1.3) 7:9 12 

P = 1 
G = 13 
O = 2 

Facility DR-Dog Percept 
11/21 (IACUC) 

Social Cognition Lab (SCL) Valerie 
Kuhlmeier Dundalk, ON, Canada 2 21 17 3.5±4.5 

(0.3-20.8) 14:7 10 
P = 16 
G = 5 

 

Lab, 
Facility 

2022-2264 
(UACC) 

The Family Dog Project (TFDP) Andrea 
Sommese Budapest, Hungary 3 18 13 3.8±3.1 

(0.7-12.6) 7:11 12 
P = 18 
G = 0 

 
Lab 

Exempt (1998. évi 
XXVIII. Törvény, 
3. 1/9) 

Thinking Dog Center (TDC) 
Sarah-
Elizabeth 
Byosiere 

New York City, NY, 
USA 3 23 14 4.1±2.8 

(0.6-9.1) 8:15 22 
P = 23 
G = 0 

 
Lab DR-Dog Percept 

11/21 (IACUC) 

*For housing types, P = Private, G = Group, and O = Other; †Clever Dog Lab participated only in the pilot data collection; ‡Leader Dogs for the Blind data collection carried out 
by TDC with Leader Dog personnel assistance. 

 2055 
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Table S2 2056 
Results of GLMM of the dogs’ choice performance (pilot experiment). 2057 

 2058 
Table S3. One-sample t-tests for each condition and site. 2059 

 2060 
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 2061 
 2062 
Table S4 2063 
Results of GLMM of the dogs’ choice performance (main experiment: with breed group as a 2064 
random effect). 2065 

 2066 
 2067 
 2068 
 2069 
 2070 
 2071 
 2072 



MANYDOGS 1: POINT-FOLLOWING IN DOGS   101 

Figure S6 2073 
Violin and dot plot of dogs’ performance (N=61) across the (A) Non-ostensive and Ostensive 2074 
conditions and the (B) Odor Control condition for the preliminary data.  2075 

 2076 
Note. The red dashed lines show the chance level of 0.5. Dots represent the mean proportion 2077 
correct for each individual. The grey lines connect dogs representing the same individuals. The 2078 
error bars represent 95% within-subjects confidence intervals; the filled circles on the top of the 2079 
error bars show the means per condition.  2080 
 2081 
 2082 
 2083 
 2084 
 2085 
 2086 
 2087 
 2088 
 2089 
 2090 
 2091 
 2092 
 2093 
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Figure S7 2094 
Condition effects on performance per site. 2095 

 2096 
Note. Dot plots of dogs’ performance across the Non-ostensive and Ostensive conditions across 2097 
sites. Dots represent the mean proportion correct for each individual. The grey lines connect dots 2098 
representing the same individuals. The error bars represent 95% within-subjects confidence 2099 
intervals; the filled circles on top of the error bars show the means per condition.  2100 

 2101 
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Figure S8 2102 
Split-half reliability. (A) The dogs’ mean performance in odd and even test trials and (B) in the 2103 
Non-ostensive and Ostensive conditions.   2104 

 2105 
Note. The bubbles represent the number of individuals at that performance levels; the red dashed 2106 
line shows the linear regression line. The black dashed line shows the identity line. 2107 
 2108 
 2109 
 2110 
 2111 
 2112 
 2113 
 2114 
 2115 
 2116 
 2117 
 2118 
 2119 
 2120 
 2121 
 2122 
 2123 
 2124 
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Figure S9 2125 
Strategy responses. The dogs’ choice strategies in the Non-ostensive and Ostensive conditions as 2126 
a function of (A) a win-stay, lose-shift strategy or (B) a win-shift, lose-stay strategy.  2127 

 2128 
Note. The bubbles represent the number of individuals at that mean performance level. The red 2129 
dashed line shows the linear regression line; the black dashed line shows the identity line. (C) and 2130 
(D): Histogram of dogs’ distribution according to the extent to which they performed in line with 2131 
the (C) win-stay, lose-shift or (D) win-shift, lose-stay strategies. The vertical line shows the 2132 
chance level of 0.5. 2133 
 2134 

 2135 
 2136 
 2137 
 2138 
 2139 
 2140 
 2141 
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Figure S10  2142 
Overall side bias.  2143 

 2144 
Note. We calculated bias by taking the absolute value of the difference between each dog’s 2145 
percent located right and percent choice right. No side bias would be 0 and total side bias would 2146 
be 50 or more. 2147 
 2148 

 2149 
 2150 
 2151 
 2152 
 2153 
 2154 
 2155 
 2156 
 2157 
 2158 
 2159 
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Figure S11 2160 
Side bias per site.  2161 

 2162 
Note. We calculated bias by taking the absolute value of the difference between each dog’s 2163 
percent located right and percent choice right. No side bias would be 0 and total side bias would 2164 
be 50. The density function is a smoothed version of a histogram that ensures the total area under 2165 
the curve is 1, which helps equate for labs with different sample sizes. 2166 
 2167 
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