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a  b  s  t  r  a  c  t

Visual  discrimination  tasks  are  commonly  used  to  assess  visual  learning  and  memory  in non-human
animals.  The  current  experiments  explored  the suitability  of  an  iPad  (Apple,  Cupertino,  California),  as  a
low-cost  alternative  touchscreen  for visual  discrimination  tasks.  In Experiment  1,  rats  were  trained  with
patterned  black-and-white  stimuli  in  a successive  non-match  to sample  procedure.  Rats  successfully
interacted  with  the  iPad  but failed  to learn  to  withhold  responding  on  trials  in which  the  sample  matched
the  comparison.  Experiment  2  used  the  same  patterned  stimuli,  but  the procedure  was  simplified  to  a
successive  discrimination  procedure  and  we  explored  the  use  of procedures  known  to  facilitate  discrim-
ination  learning.  Rats  that  received  training  with  differential  outcomes  and  a  differential  reinforcement
of  other  behavior  schedule  successfully  acquired  the  task.  In Experiment  3, the  same  rats  were  tested  in
a  simultaneous  discrimination  task  and  we  explored  the  use  of  a correction  and  non-correction  method
during  acquisition.  Rats  that  failed  to  learn  the discrimination  in  the  previous  experiment,  improved  while
trained  with  the  correction  method.  These  experiments  support  the  use  of the iPad  in visual  discrimina-
tion  tasks  and inform  future  studies  investigating  learning  and  memory  within  a touchscreen-equipped
(iPad  or  other)  apparatus.

This  article  is  part of a  Special  Issue  entitled:  Special  Issue  Co3  2012  (Tony  Wright).
© 2012 Published by Elsevier B.V.

1. Introduction19

In the past decade, touchscreen technology has dramatically20

changed the way we interact with our environment. From bank21

ATMs to cell phones, touchscreens improve the flexibility and ease22

with which we can display information and record behavior. These23

benefits have not been overlooked by behavioral scientists. Touch-24

screen displays have been used with pigeons (e.g., Allan, 1992;25

Blough, 1986; Pisacreta and Rilling, 1987; Wright et al., 1988), rats26

(e.g., Bussey et al., 1994; Cook et al., 2004; Markham et al., 1996;27

Sahgal and Steckler, 1994), non-human primates (e.g., Bhatt and28

Wright, 1992; Elsmore et al., 1989), and humans (e.g., Huguenin,29

2000). Furthermore, touchscreens have been used to study the30

effects of neural lesions and pharmacological agents on behavior31

(e.g., Bussey et al., 1997a, 1997b, 1998, 2001; Parkinson et al., 1999,32

2002). Though many factors have contributed to the popularity of33

touchscreens in research, most researchers are attracted by the ease34

with which visual stimuli can be created and displayed, and the35

flexibility to detect responses across the entire display.36

∗ Corresponding author at: Department of Psychology, Texas Christian University,Q3
2800 S. University Dr., Box 298920, Fort Worth, TX 76129, United States.
Tel.: +1 817 257 6139.

E-mail address: k.j.leising@tcu.edu (K.J. Leising).

Recognizing the constraints imposed by the display equipment 37

used in research in the 1980s, Dr. Anthony Wright became one of 38

the pioneers in developing methods for the use of touchscreen tech- 39

nology in research. Wright et al. (1988) suggested that the use of 40

small numbers of exemplars in most previous reports on match- 41

to-sample performance (a consequence of the 12-slide projectors 42

used by most researchers at the time) encouraged item-specific, 43

rather than relational (i.e., concept) learning. Wright et al. used 44

a novel, horizontally mounted touchscreen-equipped display to 45

present 152 trial-unique stimuli to a group of pigeons during 46

match-to-sample training. When compared to a group trained with 47

only 2 stimuli, the results revealed concept learning only in the 48

group trained with a large number of exemplars. This experiment 49

highlighted the benefits associated with incorporating new tech- 50

nology into research and demonstrated how extending the levels 51

of an independent variable can result in qualitative differences in 52

learning (see Wright, 2010 for a review). Wright and colleagues 53

have also been interested in procedural changes that accelerate 54

the development of concept learning. Wright and Delius (1994) 55

required pigeons to dig through different colored and textured 56

sand in match and oddity tasks and found a 100-fold acceleration 57

in learning relative to more traditional methods. More recently, 58

Schmidtke et al. (2010) describe how differential outcomes can 59

accelerate the expansion of concept learning to produce better 60

transfer to novel items in a same/different task. The present experi- 61

ments are inspired by Wright and colleagues use of new technology 62
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and manipulation of experimental parameters to better understand63

the nature of learning and memory. We  explored the suitability64

of training rats in a novel iPad-equipped apparatus and explored65

conditions which may  facilitate discrimination learning.66

The use of touchscreens in research was extended to rats by67

Bussey et al. (1994) and Markham et al. (1996).  Much of the subse-68

quent research has investigated discrimination learning by varying69

object luminance (Minini and Jeffery, 2006), shape (e.g., Bussey70

et al., 1994, 2001, 2008; Markham et al., 1996; Minini and Jeffery,71

2006; Simpson and Gaffan, 1999), or pattern (e.g., Cook et al., 2004;72

Prusky et al., 2002). However, a subset of the research has focused73

on determining methods suitable for a touchscreen environment.74

For example, Markham et al. (1996) reported better acquisition75

in rats interacting with a touchscreen when the site of reward76

delivery was at the opposite wall of the chamber from the touch-77

screen, rather than adjacent to it. Recently, Bussey et al. (2008)78

found that learning rate could be improved through the use of79

larger stimuli, longer inter-trial intervals (ITIs), and more trials per80

session. Lastly, Cook et al. (2004) directly compared the benefits81

of touchscreen technology with traditional lever press equipment.82

Rats were trained in a simultaneous visual discrimination task with83

either traditional stimulus and response equipment (e.g., lights and84

levers) or a touchscreen-equipped display. Rats responding to the85

touchscreen learned the discrimination faster than rats responding86

on traditional levers.87

Researchers have demonstrated visual discrimination learn-88

ing in rats interacting with infrared (Bussey et al., 1994, 2001,89

2008; Cook et al., 2004) and pressure sensitive (Markham et al.,90

1996; Minini and Jeffery, 2006) touchscreens. Although both touch-91

screens are suitable for use with rats, the motivation to develop92

an alternative to the currently available infrared touchscreen sys-93

tems is their cost. Assuming one already has a operant chamber94

for rats (e.g., test chamber, reward delivery mechanism, etc.),95

an additional touchscreen package will cost $5000 (Med Asso-96

ciates, Georgia, VT) to $10,000 (Lafayette Instruments, Lafayette,97

IN) and does not include the software (e.g., $3000, Med  Asso-98

ciates) or any additional software packages (e.g., autoshaping,99

$1100, Lafayette Instruments). One alternative to these systems is100

to design a custom touchscreen chamber (see Cook et al., 2004).101

However, variations in the type of touchscreen purchased and102

the placement of the touchscreen in an operant chamber can103

influence affect learning outcomes (e.g., Markham et al., 1996).104

With the goal of providing a flexible, low cost alternative touch-105

screen system, we have recently validated the use of an iPad 2106

(Apple, Cupertino, California) with rats (Wolf et al., submitted for107

publication).1108

The iPad provides a high-resolution display, and a capacitive109

touchscreen that offers drift-free stable performance. Although110

infrared touchscreen technology has improved and the issue of111

drift has been largely eliminated, the lingering issue with infrared112

touchscreens is that the panel frame, which houses the LEDs and113

phototransistors, always protrudes slightly above the screen. This114

becomes a problem when a rat’s whiskers or other object trigg-115

ers a response in lieu of a true touch. Additionally, obstructions116

(e.g., feces) on the thick panel frame can block the infrared sensors117

rendering them non-functional until the obstruction is removed.118

Capacitive touchscreens detect responses through changes in cur-119

rent as a result of direct contact with the screen and automatically120

recalibrate when an obstruction is present. Lastly, the iPad is121

wireless-enabling it to be mounted in any position and easily repo-122

sitioned within an operant box or open field (e.g., on the wall or123

embedded in the floor). Visual Basic 6 software (Microsoft, Red-124

mond, WA)  also allows you to display and record from multiple125

iPads concurrently, using the same PC. Multiple iPads could be used126

to create a 4-walled iPad environment, or control iPads in separate127

locations in an open field. In sum, the use of an iPad is relatively128

inexpensive and the technology is reliable, durable, and enables 129

wireless flexibility. 130

The current research explores the suitability of three visual dis- 131

crimination procedures for use in an iPad-equipped apparatus (see 132

Fig. 1a). Discrimination learning has long played an important role 133

in investigations of perception and memory and remains popular 134

among those interested in cognition and physiology (Dudchenko, Q4 135

2004). Among the tasks used by researchers, successive and simul- 136

taneous discrimination procedures are most commonly used to 137

evaluate visual learning and memory in rodents. Despite varying 138

cognitive demands, each task requires that a subject discriminate 139

between objects (presented successively or simultaneously) and 140

associate the identified object with reward or non-reward. The 141

experimental setup utilizes an iPad, operant chamber, a remote 142

desktop program, and Visual Basic 6 software. Experiments 1–3 143

evaluated the iPad as a suitable device for use with rats and 144

explored conditions which may  facilitate learning. Experiment 1 145

tested rats in a successive match-to-sample task with patterned 146

black-and-white images as stimuli. The same stimuli were then 147

used in successive and simultaneous discrimination tasks in Exper- 148

iments 2 and 3, respectively. Together, these experiments suggest 149

the iPad is an attractive alternative to costly prepackaged touch- 150

screen systems. 151

2. Experiment 1 152

In one of the first studies of memory in non-humans, Hunter 153

(1913) evaluated delayed choice in rats, raccoons, and dogs. The 154

animals were confined to a chamber in view of three separate 155

choice boxes. Over one of the choice boxes a light was  shown for a 156

brief period of time. Once extinguished, the animal was freed from 157

the chamber to select a choice box. The delay between the presen- 158

tation of the light and release was  then manipulated to determine 159

the duration of working memory. In subsequent years, the use of 160

successive presentations of stimuli in a match-to-sample format 161

allowed a more thorough investigation into the nature of working 162

memory. Subjects in a match-to-sample task are presented with 163

one stimulus (sample), which is followed after some delay by a sec- 164

ond stimulus (comparison). The subject is then required to detect 165

whether the comparison matches the sample stimulus. Selection of 166

the match or non-match comparison may  be correct depending on 167

the procedure selected by the experimenter. This type of procedure 168

can be used to study the acquisition, content, and retrieval of the 169

memory for the sample. 170

The purpose of the present experiment was  to evaluate the use 171

of a successive non-match to sample task with rats interacting with 172

an iPad. Rats were presented with a sample followed by a brief 173

delay and a second, comparison stimulus. If the comparison stimu- 174

lus matched the sample, then the correct response was  to withhold 175

touching the comparison until the stimulus timed out. If the com- 176

parison did not match the sample, then touches to the comparison 177

stimulus were rewarded. We  used four circular black-and-white 178

patterned images as stimuli (see Fig. 1b). Previous research has 179

shown rats can solve visual discriminations based on pattern alone 180

(e.g., Cook et al., 2004; Lashley, 1938; Prusky et al., 2002); how- 181

ever, rats have been shown to rely primarily on unidimensional 182

(e.g., size or brightness) differences in stimuli (Minini and Jeffery, 183

2006). Thus, we expected that the relative similarity between our 184

stimuli would result in slow learning in the task. 185

2.1. Method 186

2.1.1. Subjects 187

Three female experimentally naïve Long–Evans rats (Rattus 188

norvegicus)  obtained from the TCU Breeding Colony served as 189
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Fig. 1. (a) A picture of the iPad-equipped operant box. Stimuli were displayed on the wall opposite of a sucrose delivery system. (b) All four stimuli were used in Experiment
1.  The two stimuli on the top row were used in Experiments 2 and 3.

subjects. Females were pair-housed in translucent plastic tubs190

with a substrate of wood shavings in a vivarium maintained on a191

12-h dark/12-h light cycle. All experimental manipulations were192

conducted during the light portion of the cycle. A progressive193

food restriction schedule was imposed over the week prior to the194

beginning of the experiment, until each rat received 15 g of food195

each day. All animals were handled daily for 30 s during the week196

prior to the initiation of the study.197

2.1.2. Apparatus198

A test chamber measuring 30.5 cm × 24.1 cm × 29.2 cm199

(length × width × height) was housed in a sound- and light-200

attenuating environmental isolation chest (Med Associates,201

Georgia, VT). The side walls and ceiling of the chamber were202

constructed of clear Plexiglas. The front and rear walls were203

constructed of aluminum panels. The floor was  constructed of204

stainless-steel rods measuring 0.5 cm in diameter, spaced 1.5 cm205

center-to-center. The enclosure was dimly illuminated by a 28-V,206

100-mA shielded incandescent house light mounted on the top207

of the rear wall of the chamber, 2 cm below the ceiling. One wall208

of the chamber was equipped with a dipper that could deliver209

a sucrose solution (16%). When in the raised position, a small210

well (0.05 cc) at the end of the dipper arm protruded up into the211

feeding niche. An infrared photo-detector was positioned across212

the entrance to the feeding niche. When a rat placed its nose into213

the feeding niche to lick the sucrose solution (i.e., a nose poke),214

the photo beam was disrupted. The duration of sucrose access215

did not begin until the computer detected an interruption of the216

photo beam. A ventilation fan in the enclosure and a white-noise217

generator on a shelf outside of the enclosure provided a constant218

74-dB (A-Scale) background noise.219

On the wall opposite of the hopper (30.5 cm), an iPad was220

mounted flush against the rear of the test chamber (see Fig. 1a). The221

iPad features a 24.63 cm (diagonal) LED-back lit glossy widescreen222

display with multi-touch sensitivity. Although the iPad recognizes223

three different types of touches – taps, moves and gestures, only the224

tap function was utilized in the current experiments. The program225

code treated every touch as a tap by detecting and recording only226

touch-down (i.e., screen contact) events. For one day in pretraining,227

the iPad was turned off and positioned in a landscape orientation228

and placed at a 54◦ angle inside the test chamber. This procedure229

encouraged the rats to approach and contact (e.g., rear and lean on)230

the screen. On all subsequent days, the iPad was positioned in the231

same orientation but mounted at a 90◦ angle at the rear of the test232

chamber.233

The display of stimuli on the iPad, data collection, and hardware 234

activation (houselight, dipper, and fan) were controlled by an adja- 235

cent PC. The PC to iPad connection was accomplished via a remote 236

desktop program RDP (Mochasoft Aps, Blokhus, Denmark) down- 237

loaded from the App Store (Apple, Cupertino, California; but see also 238

Wolf et al. for a recently developed Mac  application). The programs 239

for all of the experiments were written in Microsoft Visual Basic 240

6.0, which used a dynamic link-library (dll), purchased as part of the 241

Control of Med  Input/Output from Other Languages Med Associates 242

Product (SOF-732-3), to control Med-Associates hardware. 243

2.2. Procedure 244

2.2.1. Stimuli 245

A 6.2 cm light gray circle served as the pretraining stimulus. 246

During training, the stimuli were 4.7 cm circles filled with a black- 247

and-white checker, a white on black background grid, a scattered 248

white dot on black background, and a diagonal-striped pattern (see 249

Fig. 1b). The training stimulus was positioned at the midpoint of the 250

iPad, which coincided with the midpoint of the rear wall of the test 251

chamber. The stimuli were displayed at 12.2 cm from the chamber 252

floor. 253

2.2.2. Pretraining 254

The rats were initially trained to drink from the dipper with the 255

iPad located in the test chamber. Sucrose was  delivered for 3-s on a 256

variable-time (VT) 60-s schedule. After rats were drinking reliably, 257

the iPad was  moved to the rear of the chamber and mounted at a 258

90◦ angle. Over the next 1–5 Days, rats were exposed to a combi- 259

nation of autoshaping and manual shaping. Autoshaping consisted 260

of a 32-trial session with presentations of an 8-s pretaining stim- 261

ulus followed by 3-s access to sucrose and then an 80-s inter-trial 262

interval (ITI). 263

2.2.3. Successive nonmatch-to-sample training 264

On sessions 1–35, each discrimination training session con- 265

sisted of 40 trials (20 match and 20 non-match trials). The onset 266

of the sample stimulus was  always marked by darkening of the 267

houselight. The sample stimulus was always presented for 5 s, but 268

the duration of the comparison stimulus was gradually reduced 269

from 60 to 10 s across sessions. Trial termination following a touch 270

to a comparison stimulus was constrained by a fixed-interval (FI) 271

1 s schedule of reinforcement. This was  used initially to ensure the 272

comparison stimulus would be viewed for a fixed amount before 273

a response terminated the trial. The FI schedule was increased 274
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Fig. 2. Data are from the last 35 sessions of training during Experiment 1. In Block 1,
the  delays were 0, 50, and 100 ms.  This was increased to 0, 50, 100, 200, and 250 ms
during Blocks 2–3, and then increased again to 250, 500, and 750 ms  in Blocks 4–7.
Error bars represent standard error of the mean.

gradually from 1 to 4 s across sessions to allow a direct compar-275

ison of responding during a fixed amount of time on match and276

non-match trials. The delay between stimuli was also manipulated277

across sessions. The delay was initially chosen pseudo randomly278

from among 0, 50, and 100 ms.  This was subsequently increased to279

0, 50, 100, 200, and 250 ms;  and increased again to 250, 500, and280

750 ms.  For all rats, a touch to a non-match comparison after the FI281

resulted in 3-s access to sucrose. A touch to a matching comparison282

after the FI terminated the trial and initiated a 16-s timeout period.283

A 4-s fixed-time ITI separated all trials. The houselight was off284

throughout the duration of a trial, but remained on during the ITI285

and timeout periods.286

On Days 36–47, sessions consisted of 50 trials with 25 match287

and 25 non-match trials. A trial terminated after 10-s of the com-288

parison stimulus or the first response following the FI-4, whichever289

came first. A variable-interval 500 ms  (250, 500, and 750 ms)  delay290

separated the sample and comparison stimulus. All other details291

were the same as described above.292

2.3. Results293

Fig. 2 displays data from 35 sessions of training. A percent correct294

for each session was calculated by dividing the number of correct295

responses on non-match (i.e., a touch) and match (i.e., no touch)296

trials by the total number of trials. As indicated by Fig. 2, there was297

little change across sessions and no evidence for a preference to298

respond on non-match trials. A statistical analysis was conducted299

on Days 36–47, which represented a period of consistent session300

parameters. A t-test against chance (50%) confirmed no subject301

demonstrated a preference to respond on non-match trials across302

the last 12 sessions of training, ts(11) < 1, ps > .05. Other measures,303

including a discrimination ratio (DR) calculated using responses304

collected within the FI-4 s period after the onset of the comparison305

stimulus also indicated no difference, ts(11) < 1, ps > .05. Lastly, we306

compared the DR during the different delay intervals (250, 500, and307

750 ms)  but found no preference to respond on non-match trials at308

any delay, ts(11) < 1, ps > .05.309

All rats failed to show successive nonmatch-to-sample per-310

formance after many sessions of training. Rats may  have failed311

to learn the correct response as a result of poor discriminability312

between stimuli, memory interference, or a combination. Previ- 313

ous research has shown that rats rely mostly on unidimensional 314

(e.g., size or brightness) differences in the lower hemifield dur- 315

ing simultaneous discrimination procedures (Lashley, 1938; Minini 316

and Jeffery, 2006; Sutherland, 1961). Discrimination of patterned 317

images can be learned but typically proceeds slowly. For exam- 318

ple, Minini and Jeffery (2006) reported slow learning and low 319

asymptotic performance while training rats using a touchscreen 320

to discriminate shape. In their procedure (Experiment 3), the lumi- 321

nance and position of two visual stimuli were controlled for but 322

aspect ratio, a basic property of shape, was the cue for the S+. After 323

40 sessions of 128 trials per session (5120 trials), mean asymptotic 324

performance was only 64%. In their results, however, rats showed 325

some evidence of learning in the first 10 sessions of training (1280 326

trials). We terminated the current experiment after the last 35 ses- 327

sions (1500 trials) indicated no evidence of learning. 328

In addition to poor discriminability, retroactive interference 329

as a result of short ITIs and repeated stimuli likely contributed 330

to poor performance in this task (c.f., Frank and Wasserman, Q5 331

2005; Kelly et al., 1999). For example, the rewarded comparison 332

stimulus on one trial (i.e., a non-match trial) could become a non- 333

rewarded comparison stimulus (i.e., a match trial) on the very next 334

trial. Long-duration ITIs and session-unique, highly discriminable 335

stimuli would likely facilitate acquisition of the non-match to sam- 336

ple task. Subsequent studies may also include a trial initiation 337

response, which has been shown to facilitate acquisition of visual 338

discriminations (Bussey et al., 2008), as well as further manipulate 339

the delay between stimuli (e.g., Bussey et al., 2008; Pontecorvo, 340

1983; Pontecorvo et al., 1996). 341

3. Experiment 2 342

Experiment 1 showed rats can be quickly trained to interact with 343

an iPad-equipped apparatus but fail to learn the correct response in 344

a successive non-match to sample task. In Experiment 2, we trained 345

four naïve rats in a successive discrimination task using two  of the 346

four cues from Experiment 1. Stimuli were designated as either S+ 347

or S− and presented on separate trials. A target response on trials 348

with the S+ was  reinforced, whereas, a response on trials with a 349

S− either terminated a trial with no reinforcement and a time-out. 350

The aims of Experiment 2 were to demonstrate visual discrimina- 351

tion performance in an iPad-equipped apparatus with patterned 352

stimuli, and to evaluate manipulations known to facilitate learn- 353

ing in tasks where generalization or response confusion may  occur 354

(e.g., Delamater et al., 2010; Lieberman et al., 1979, 1985; Urcuioli 355

and Kasprow, 1988; Williams, 1999). 356

In a typical successive discrimination procedure, all trials end 357

with the termination of the target stimulus and an empty interval 358

(i.e., an ITI). Consequently, on S+ trials with no response and S− 359

trials with a response or not, the subject receives the same end- 360

of-trial events. The similarity in trial outcomes likely attenuates 361

discrimination performance. In order to facilitate discrimination 362

performance in our task, a response to the S+ was  rewarded with 363

sucrose and, for some rats a response to the S− was  not rewarded 364

and followed immediately by a flashing light of the same duration 365

as the sucrose (c.f., Cook et al., 2004). Any facilitated learning effect 366

would resemble the differential outcomes effect (DOE) found in 367

instrumental (see Overmier and Linwick, 2001) and Pavlovian pro- 368

cedures (e.g., Delamater et al., 2010). In discriminations involving 369

two S+ stimuli (e.g., a low and high pitched tone) and two responses 370

(e.g., left and right lever), responding appropriately to each stimulus 371

is enhanced if the correct responses are associated with different 372

outcomes (i.e., O1 and O2). One theory explaining the DOE involves 373

an “acquired distinctiveness” which develops between cues fol- 374

lowed by different events (see Hall, 1991, for a review). In addition 375

dx.doi.org/10.1016/j.beproc.2012.11.013
Original text:
Inserted Text
Figure 

Original text:
Inserted Text
2-3, 

Original text:
Inserted Text
4-7. 

Original text:
Inserted Text
4 s 

Original text:
Inserted Text
36 to 47, 

Original text:
Inserted Text
would terminate 

Original text:
Inserted Text
Figure 

Original text:
Inserted Text
Figure 

Original text:
Inserted Text
36 to 47, 

Original text:
Inserted Text
FI-4 s 

Original text:
Inserted Text
Minnie & Jeffrey, 

Original text:
Inserted Text
Minnie and Jeffrey 

Original text:
Inserted Text
(5,120 

Original text:
Inserted Text
(1,280 

Original text:
Inserted Text
(1,500 

Original text:
Inserted Text
& Wasserman, 2006; Kelly et 

Original text:
Inserted Text
, 

Original text:
Inserted Text
S- 

Original text:
Inserted Text
S- 

Original text:
Inserted Text
1979; Lieberman et al., 

Original text:
Inserted Text
& 

Original text:
Inserted Text
S- 

Original text:
Inserted Text
S- 

Original text:
Inserted Text
& 



Please cite this article in press as: Leising, K.J., et al., Visual discrimination learning with an iPad-equipped apparatus. Behav. Process. (2012),
http://dx.doi.org/10.1016/j.beproc.2012.11.013

ARTICLE IN PRESSG Model

BEPROC 2575 1–8

K.J. Leising et al. / Behavioural Processes xxx (2012) xxx– xxx 5

to acting as a unique outcome, the flashing light served to mark an376

incorrect response, thereby enhancing the salience of that response377

and discrimination learning (e.g., Lieberman et al., 1979, 1985;378

Urcuioli and Kasprow, 1988; Williams, 1999).379

Another procedure that has been used to enhance discrimina-380

tion performance is a differential reinforcement of other behavior381

(DRO) schedule. A DRO schedule was used successfully by Kelly382

et al. (1999) to train pigeons to discriminate visual stimuli in a383

successive discrimination task. In their procedure, if a no-go test384

stimulus occurred, pigeons were reinforced for withholding peck-385

ing for 5 s. If a peck did occur, the DRO timer was reset to 5 s.386

In the last phase our experiment, we implemented a DRO sched-387

ule. Rats were required to withhold touching the S− for 4-s before388

the trial would terminate. Differential outcomes, marking proce-389

dures, and DRO schedules have all been shown to facilitate learning390

in discrimination tasks. We  explored whether these procedural391

manipulations could be effective in an iPad-equipped apparatus.392

3.1. Method393

3.1.1. Subjects394

Four experimentally naïve Long–Evans rats (R. norvegicus)395

obtained from the TCU Breeding Colony served as subjects. Two396

male and female rats were randomly assigned to two groups, with397

the constraint that one male and female was in each group. All other398

details are the same as in Experiment 1.399

3.1.2. Apparatus400

The apparatus was the same as that used in Experiment 1. How-401

ever, during a session the house light could be flashed by turning402

the light on and off every .25 s.403

3.2. Procedure404

3.2.1. Stimulus displays405

The stimuli were the diagonal-striped pattern and black-and-406

white checkered images used in Experiment 1 (Fig. 1b, top row).407

The two stimuli were assigned as S+ and S−, counterbalanced across408

subjects. All other details are identical to that of Experiment 1.409

3.2.2. Pretraining410

Pretraining occurred in the same manner as described in Section411

2.412

3.2.3. Phase 1: discrimination training (Days 1–6)413

Each discrimination training session consisted of 56 trials (28 S+414

and 28 S−). A trial terminated after a touch to the stimulus or 20 s,415

whichever came first. The duration of the stimulus presentation416

was reduced from 20 to 10 s across sessions. A fixed-interval 1-s417

schedule (FI-1) determined whether a touch terminated a trial. The418

FI ensured the stimulus would be displayed for a minimum duration419

before a response would terminate the trial. The FI schedule was420

increased gradually from 1 to 4 s across sessions. For all rats, a touch421

to the S+ after the FI resulted in 3-s access to sucrose. For rats in422

the control group, a touch to the S− after the FI terminated the trial423

and initiated a 16 s timeout period, whereas, rats in another group424

were given a 3-s flashing light followed by a 16 s timeout period.425

All trials, correct or incorrect, were followed by a 4-s fixed-time ITI.426

The houselight was off during all trials, but remained on during the427

ITI and timeout periods.428

3.2.4. Phase 2: fixed-interval discrimination training (Days 7–12)429

The number of trials was increased to 100 (50 S+, 50 S−) and a430

fixed-interval 4-s schedule determined whether a response termi-431

nated a trial.432

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

7 8 9 10 11 12 13 14 15 16 17 18

Clyde

Pacman

Pinky

Ghost

Session

D
is

c
r
im

in
a
ti

o
n

 R
a
ti

o

Fig. 3. Data from the first 4-s of S+ and S− trials in Experiment 2 were used to
calculate discrimination ratios for each rat. The left-hand side of the figure dis-
plays  performance during Phase 2 (sessions 7–12) and the right-hand side (light
gray shading) indicates performance with the DRO schedule during Phase 3. The
dotted-line patterns represent animals that received a flashing light after an incor-
rect response. The dotted line at .50 represents no difference between responding
on  S+ versus S− trials.

3.2.5. Phase 3: differential reinforcement of other behavior 433

training (Days 13–18) 434

A differential reinforcement of other behavior (DRO) schedule 435

was introduced. On this schedule, an S− trial would not terminate 436

until 4-s elapsed with no response to the stimulus. Reinforced trials 437

remained unchanged from Phase 2. 438

3.3. Results and discussion 439

Percent correct was  calculated for all sessions in Phase 1 440

(M = 50.08, SD = .72). Clearly, mean performance during Phase 1 441

indicated no preference for responding on S+ trials. In Phase 2, 442

the number of trials increased and the FI-4 was  introduced. During 443

the FI-4, responding was uninterrupted by reward or trial termi- 444

nation allowing a direct comparison between S+ and S− trials. A 445

discrimination ratio was calculated as in Experiment 1, such that a 446

preference for the S+ was  indicated by values greater than .5. Fig. 447

3 displays the discrimination ratio for all rats during Phases 2 and 448

3. A t-test against chance (.50) compared responding across all six 449

sessions of Phase 2 and revealed a significant preference for the S+ 450

in one rat in the group receiving the flashing light, t(5) = 3.90, p < .05. 451

In Phase 3, the DRO procedure was implemented. The same analy- 452

sis conducted on the six sessions from Phase 3 revealed that both 453

rats responded in the group receiving the flashing light responded 454

more on S+ trials than S−, ts(5) > 5.33, ps < .01, whereas no rats in 455

the control group showed this preference, ts(5) < 1, ps > .05. 456

These results suggest that rats can be trained to discriminate 457

between highly similar patterned stimuli within an iPad-equipped 458

apparatus. Evidence for successful visual discrimination was  459

present only for the rats that received the flashing light and DRO 460

procedures. It is beyond the scope of these data to determine 461

whether the flashing light enhanced the salience of an incorrect 462

response through marking or enhanced the discriminability of the 463

S+ and S− via a differential outcomes effect. Certainly, there is sup- 464

port in the literature for facilitated learning as a result of both 465

manipulations. The two rats without the differential outcome failed 466

to learn the task. Though, the small number of subjects per group 467
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suggests caution when interpreting these results. In Experiment468

3, another common task for evaluating visual learning, a simul-469

taneous visual discrimination, was used to determine whether (1)470

rats that learned the successive discrimination would perform well471

on the first trial of a simultaneous discrimination procedure, and472

(2) rats that had not learned the task in Experiment 2 would acquire473

a simultaneous discrimination with the same stimuli.474

4. Experiment 3475

In Experiment 3, the two stimuli from the last experiment476

were presented simultaneously in positions on the left and right477

sides of the display. The assignment of stimulus to S+ and S−478

from Experiment 2 was maintained. As before, responses to the S+479

were reinforced, whereas responses to the S− were non-reinforced.480

Acquisition of the task was evaluated by comparing responses to481

the S+ and S− during the first 4-s (FI) of each trial. The simulta-482

neous discrimination task allowed subjects more of an opportunity483

to compare the features of the S+ and S−, which should benefit484

those rats that failed to learn the discrimination in Experiment 2.485

We  expected to observe fairly rapid learning in all rats during486

training with the simultaneous discrimination procedure. Bussey487

et al. (2008) trained naïve rats in a simultaneous discrimination488

with similar parameters (e.g., trials per session, ITI duration, and489

image size) and found evidence of learning within five sessions. In490

Experiment 3, we trained rats during the first three sessions with a491

correction method followed by another three days of training with492

a non-correction method. In discrimination learning paradigms,493

the use of a correction method permits the animal to continue494

to respond until a correct response is made. However, a non-495

correction method indicates that a trial will terminate (or the496

animal will be removed from the apparatus) after an incorrect497

response. In Experiment 3, we explored the use of a simulta-498

neous discrimination procedure and correction method with rats499

interacting with an iPad display. We  expected discrimination per-500

formance to develop quickly for all rats and no decrement in501

responding when the non-correction method was introduced.502

4.1. Method503

4.1.1. Subjects504

The same four Long–Evans rats (R. norvegicus)  from Experiment505

2 served as subjects.506

4.1.2. Apparatus507

The apparatus was the same as that used in Experiments 1 and508

2.509

4.2. Procedure510

4.2.1. Stimuli511

The stimuli were the same as those used in Experiment 2, except512

the diameter of the pretraining stimulus was reduced from 6.2 to513

5.0 cm and the training stimuli were reduced from 4.7 to 4.5 cm.514

This reduction allowed the circular stimuli to fit within the three515

columns inherent to the test chamber (see Fig. 1a). All of the pos-516

itions were 13.3 cm from the chamber floor. The middle position517

was at the midpoint of the iPad and the chamber, and the left and518

right positions were 15 cm,  center to center. The pretraining stim-519

ulus was displayed in each of three positions during pretraining520

but the training stimuli occupied only the left and right positions521

during simultaneous discrimination training.522

4.2.2. Pretraining523

Subjects were trained to touch the pretraining stimulus in524

the left, middle, and right positions on the iPad (see Wolf et al.,525

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Exper ime nt 2,

Successive  Disc.

Exper ime nt 3,

Phase 1

Experiment  3,

Phase 2

Clyde

Pacman

Pinky

Ghost

D
is

c
r
im

in
a

ti
o

n
 R

a
ti

o

Fig. 4. Data from the first 4-s of trials in Experiments 2 and 3 were used to calculate
discrimination ratios for each rat. Data from the last session of Experiment 2, as
well as the last session Phase 1 (Day 3 with correction method) and Phase 2 (Day 9
with non-correction method) of Experiment 3 for all rats. The dotted lines represent
animals that received a flashing light after an incorrect response in Experiment 2.
The dotted line at .50 represents chance performance.

submitted for publication, for details). After two days of training, 526

rats were then trained with the pretraining stimulus at both the left 527

and right positions, but the position associated with reinforcement 528

was determined pseudo randomly so that it occurred equally often 529

at both sides. Training continued for two  days or until any side bias 530

was eliminated. 531

4.2.3. Phase 1: correction simultaneous discrimination training 532

(Days 1–3) 533

Each training session consisted of 50 trials. The first trial of every 534

session was  a probe trial, in which the trial duration was 60-s and 535

there was  no opportunity for reinforcement. On the remaining tri- 536

als, a trial terminated with a touch to the S+ after the FI-4 schedule 537

or 180 s elapsed from trial onset, whichever came first. Responses 538

to the S− were recorded but had no nominal effects. A 4-s fixed- 539

time ITI separated all trials. The houselight was  off during all trials, 540

but remained on during the ITI period. 541

4.2.4. Phase 2: non-correction simultaneous discrimination 542

training (Days 4–9) 543

Training was  similar to that of Phase 1, with the exception that a 544

response to the S− after the FI-4 terminated the trial with a flashing 545

light, non-reinforcement, and a 16-s timeout for all rats. A program- 546

ming error resulted in the first trial terminating with a response to 547

the S− for all rats. The data from these trials were discarded from 548

the analysis. 549

4.3. Results 550

4.3.1. Phase 1 (Days 1–3) 551

During the probe trial on the first trial of Day 1, a preference to 552

respond to the S+ was  observed for 2 of the 4 rats (binomial tests, 553

ps < .05). The two  rats that performed above chance were the same 554

rats that demonstrated discrimination learning in Experiment 2. 555

This same result was found if we  conduct the analysis on respon- 556

ding during the first 4 s (i.e., the FI-4 s period) across all of the trials 557

on Day 1 (binomial tests, ps < .05). Fig. 4 displays performance from 558

the last session of Experiment 2, as well as the last sessions of Phase 559

1 and 2 of Experiment 3. We  find evidence of learning in all rats 560

when the analysis was conducted on data from Days 2–3, such that 561

all rats are responding more to the S+ (M = 179.75, SD = 190.42) than 562
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S− (M = 65.25, SD = 35.11) during the first 4 s of the trials (binomial563

tests, ps < .05).564

4.3.2. Phase 2 (Days 4–9)565

Given the duration of Phase 1 (3 Days), it would be informa-566

tive to evaluate performance on Days 5–6 of Phase 2. Performance567

during the first 4 s of trials revealed that 2 of the 4 rats that were568

responding above chance on Days 2–3 of Phase 1, responded below569

chance on Days 5–6 (binomial tests, ps > .05). The two rats that per-570

formed below chance on Days 5–6 were the same rats that showed571

no evidence of learning in Experiment 2. As indicated by Fig. 4, per-572

formance in these rats did not improve after an additional 3 training573

sessions (Day 9) with the non-correction method.574

Successful performance by rats in Experiment 2 (successive dis-575

crimination) led to a preference to respond to the S+ on the very576

first trial of a simultaneous discrimination in Experiment 3, despite577

novel positions for the S+ and S−. Interestingly, the two  rats that578

failed to learn in Experiment 2 provided evidence of learning with579

a correction method during the simultaneous discrimination task.580

Performance decreased, however, across six subsequent training581

sessions with the non-correction method. The debate over the ben-582

efits of correction versus non-correction methods has a long history583

in learning, dating back to at least Kalish (1946) and continuing in584

recent research (e.g., Metcalfe et al., 2009). On the one hand, a cor-585

rection method allows for each trial to terminate in reinforcement;586

on the other hand, it also allows for the incorrect response to be fol-587

lowed closely in time by reinforcement thereby creating response588

chains (Sutherland and Mackintosh, 1971). Our results suggest that589

rats do benefit from the opportunity to correct their mistakes early590

in training. The correction procedure allows an incorrect response591

to the S− to be quickly compared to a correct response to the S+,592

whereas, a rat with a non-correction method must endure the dura-593

tion of the ITI before another opportunity to view the S+ and emit594

a response. Rats already responding correctly to a successive dis-595

crimination did not benefit from the opportunity to quickly correct596

mistakes. Though in need of subsequent validation, these results597

suggest the use of a correction method early in discrimination train-598

ing.599

One potential concern with our procedure is that a non-600

rewarded response on a trial could simply become a cue for a rat to601

respond to the other stimulus. For this reason, our analysis was con-602

fined to responses during the FI-4 s portion of the trial. During this603

time, responses to both the S+ and the S− were non-rewarded and604

thus cued switching should result in chance performance. Another605

concern is that the left and right positions occupied by the S+ and S−606

were separated by 15 cm and an empty middle panel (see Fig. 1a).607

This distance prevented simultaneous comparison of both stimuli608

from close distances. This factor likely contributed to the failures609

of the two rats to learn during non-correction training. In future610

studies, the stimuli could be placed in adjacent panels, reducing611

the distance from 15 to 7.5 cm.  In our experimental setup, the left,612

center, and right panels are a consequence of the Med-Associates613

test chamber being used. A custom-built chamber could have the614

benefit of a uniform surface but may  then lack the flexibility of using615

modular Med-Associates components (e.g., levers, lights, speakers,616

etc.).617

5. General discussion618

The present series of experiments evaluated whether rats could619

interact with an iPad and discriminate visual stimuli presented on620

the iPad display. Experiment 1 found that rats will quickly learn621

to interact with an iPad but fail to learn in a successive non-match622

to sample task with patterned stimuli. In Experiment 2, two  of623

four rats responded more to a visual stimulus associated with624

reward than a stimulus associated with a time-out and flashing 625

light in a successive discrimination task. One rat learned with only 626

the flashing light (differential outcome), but both rats improved 627

dramatically with a DRO schedule. In Experiment 3, all four rats 628

were trained in a simultaneous discrimination task. The two 629

rats that learned the discrimination in the second experiment 630

performed well on the very first trial with the S+ and the S− 631

displayed simultaneously in novel locations. Subsequent training 632

with a correction method resulted in a preference for responding 633

to the S+ for all rats. After switching to a non-correction method, 634

performance decreased for two rats. These findings suggest the 635

iPad can be a useful tool in behavioral investigations of visual 636

learning and memory, but also indicate more research is needed to 637

identify the optimal conditions for acquisition of discriminations 638

(e.g., Bussey et al., 2008). 639

The continued use of touchscreen procedures is encouraged 640

by successful demonstration of simultaneous discrimination and 641

reversals (e.g., Bussey et al., 1997a; Chudasama et al., 2001; Morton 642

et al., 2006); visuospatial conditional discrimination and reversal 643

(e.g., Bussey et al., 1997a; Chudasama et al., 2001; Janisewicz and 644

Baxter, 2003); configural discrimination tasks (Bussey et al., 1998); 645

nonspatial nonmatch-to-sample (e.g., Bussey et al., 1994); and 646

autoshaping (e.g., Dalley et al., 2005; Bussey et al., 1997a; Parkinson 647

et al., 1999, 2002) in rats and mice using a touchscreen. These 648

types of tasks previously required fabrication of a custom appa- 649

ratus or costly touchscreen packages, but the current experiments 650

demonstrate that the iPad presents a relatively simple alternative, 651

utilizing equipment that many behavioral scientists are using or 652

have access to. One additional benefit of the iPad over infrared 653

touchscreens includes the opportunity for multi-touch detection. 654

This feature could be used to require cooperation or competition 655

between rats working on the same display or in observational learn- 656

ing paradigms. 657

A synergistic relationship exists between new technologies and 658

scientific inquiry. Better technology allows the scientist to accumu- 659

late more evidence regarding existing questions but also expands 660

the potential for new questions. The result of this relationship 661

can be seen within the research career of Dr. Anthony Wright. 662

Wright and colleagues pioneered the use of touchscreen tech- 663

nology for pigeons (Wright et al., 1988) and primates (Bhatt and 664

Wright, 1992); concluding that touchscreen-equipped monitors 665

could enhance stimulus control and flexibility, while maintain- 666

ing precise response detection. In subsequent studies, Wright and 667

colleagues used touchscreens to conduct comparative investiga- 668

tions of concept learning, memory effects in serial list learning, and 669

working memory capacity. The present experiments corroborate 670

Dr. Anthony Wright’s legacy of incorporating new technology and 671

examining the influence of experimental parameters in the study 672

of learning and memory. 673
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