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18 Abstract

19 There is general consensus that drinking water facilitates certain cognitive processes. 

20 However, it is not yet known what mechanism underlies the effect of drinking on 

21 performance and these may be different for different cognitive processes. We sought to 

22 elucidate the mechanisms involved by establishing at what stage of the drinking process 

23 cognitive performance is influenced. We examined the effect of mouth rinsing and mouth 

24 drying on subjective thirst and mood, visual attention and short term memory in children. 

25 Data are reported from 24 children aged 9- to 10-years. Children’s performance was assessed 

26 in three conditions - mouth drying, mouth rinsing and a control (no intervention). In each 

27 condition they were assessed twice - at baseline, before intervention, and 20 minutes later at 

28 test. Mouth rinsing improved visual attention performance, but not short term memory, mood 

29 or subjective thirst. The effects of mouth drying were more equivocal. The selective nature of 

30 the results is consistent with suggestions that different domains of cognition are influenced by 

31 different mechanisms. 

32
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39 1. Introduction 

40

41 There is general consensus that drinking water facilitates certain cognitive processes and 

42 mood states (1,2). However, it is not yet known what mechanism underlies the effect of 

43 drinking on performance, and this may be different for different cognitive processes. For 

44 example, psychological explanations suggest that thirst is distracting and as drinking reduces 

45 thirst, it also reduces distraction and thus performance improves (3).  Alternatively, drinking 

46 water may increase general arousal and facilitate performance (4). There are also candidate 

47 physiological explanations. For example, there may be a haemodynamic response: drinking 

48 water has been shown to result in vasodilation and reduced heart rate in adults (5), which may 

49 promote cerebral blood flow and stimulate neural activity (2). Additionally, hormones may 

50 play a role: dehydration is associated with elevated cortisol (6), which in turn is linked to 

51 impaired cognitive function (7,8), suggesting that drinking to reduce dehydration may affect 

52 cognition via reduced cortisol. This paper seeks to elucidate the mechanisms underlying the 

53 effect of drinking water on cognitive performance by establishing at what stage of the 

54 drinking process cognitive performance is influenced.

55  

56 Not all areas of cognition are similarly affected by drinking water, and there are differences 

57 in the amount of water necessary to improve performance. Many studies have reported that 

58 visual attention, measured by letter cancellation, is improved by drinking water, in both 

59 adults and children. For example, studies in children have reported that drinking 25 ml (4), 

60 250 ml (9), 300 ml (4) and 500 ml (10) resulted in improved performance on a visual 

61 attention task. Similar studies in adults reported that drinking 25 ml (4), 200 ml (11) and 300 

62 ml water (4) improved visual attention. Many studies have examined the effect of drinking 

63 water on memory, but the choice of memory task, and therefore type of memory assessed, has 

64 not been consistent across studies, for example, assessing memory for stories (10,12); visual 

65 memory (Benton & Burgess, 2009; Edmonds & Burford, 2009); spatial memory (14); 

66 multiple types of memory (15). More recently, studies have engaged a similar short term 

67 memory task – forwards digit span (hereafter, digit span) - and reported that performance on 

68 this task is enhanced by drinking water. For example, children's digit span is improved by 

69 drinking additional water over a school day (16), but not by drinking smaller amounts of 

70 water – there was no effect on children’s digit span of drinking 25 or 300 ml (4). 

71 Furthermore, there is an association between water drunk, changes in hydration status as 
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72 assessed by urinary osmolality, and digit span (17). In adults, drinking 300 ml (but not 25 ml) 

73 increased digit span (4). Drinking water does not improve all domains of cognition. For 

74 example, it has been found not to improve visuomotor tracking (10,12), sustained attention 

75 (Benton & Burgess, 2009), or set shifting (15). In summary, while even small amounts of 

76 water (25ml) are sufficient to improve visual attention in both children and adults, larger 

77 drinks appear to be necessary to improve memory, particularly in adults. These differences 

78 might imply that domains of cognition may be affected by different stages of the drinking 

79 process. 

80

81 In addition to different cognitive processes having different dose response effects, whether or 

82 not an individual rates themselves as thirsty has been found to affect the influence of drinking 

83 water on cognitive performance. For example, performance enhancements on a rapid visual 

84 information processing task after drinking water only occurred in thirsty participants (18). 

85 Others have reported that visual attention is improved by drinking, but that this is not 

86 dependent on thirst reduction, in both children and adults (4). In contrast, performance on a 

87 memory task only improved with a drink sufficiently large to also reduce subjective thirst (4). 

88 Thus, these findings suggest that memory improvements associated with drinking are 

89 contingent on subjective thirst reduction, but drinking-related improvements in attention 

90 appear not to be contingent on reductions in subjective thirst.  

91

92 This dichotomy in the amount of water necessary to affect performance on attention and short 

93 term memory tasks, and the question of whether thirst is concurrently affected, could help to 

94 identify the stage in the drinking process during which performance is affected, and thus, the 

95 mechanism involved. The finding that a very small drink (25 ml) is sufficient to improve 

96 letter cancellation, and that this improvement is not contingent on a reduction in subjective 

97 thirst, suggests that this may occur by some process operating within the mouth, for example 

98 a hedonic shift in mouth comfort or stimulation of oropharyngeal receptors (4).  Mouth 

99 rinsing, in which participants rinse a liquid in their mouths and then expel it, stimulates oral 

100 receptors without swallowing fluid and has been used extensively to examine the effect of 

101 carbohydrate on exercise performance (19–21). Using this methodology, but rinsing water 

102 instead of carbohydrate, provides an opportunity to test whether cognitive performance is 

103 affected by processes operating in the mouth. If attention is improved by processes within the 

104 mouth, then merely rinsing water should result in facilitated performance. Additionally, it 
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105 may be that drying the mouth would impair attention - inserting dental rolls into the mouth 

106 provides an opportunity to test this hypothesis by drying the mouth cavity (22). 

107

108 By contrast, memory is hypothesised to be affected by improved hydration, or an effect on 

109 the body that occurs further down the gastro-intestinal tract than the mouth (4), on the basis 

110 that a larger amount of water is needed to improve memory, and because, in adults, it is 

111 associated with a reduction in thirst. Therefore, the manipulations of mouth rinsing and 

112 mouth drying, which do not involve swallowing fluid, would not be expected to affect 

113 children's short term memory performance. With regards to subjective thirst, it seems 

114 plausible that drying the mouth would increase the sensation of thirst, and mouth rinsing may 

115 decrease it. The effect of drinking water on children’s mood is equivocal (10,12), thus it is 

116 not clear how mouth rinsing may affect subjective mood. However, we include mood ratings 

117 in our study because it is possible that children may find the effect of drying the mouth 

118 unpleasant, and this may be reflected in poor mood ratings.

119

120 Therefore, in the present study we examined, in a group of children, the effect of mouth 

121 rinsing water and drying the mouth, against a control condition with no intervention. 

122 Children's performance on thirst and mood scales, a visual attention task (letter cancellation) 

123 and forward digit span was assessed at two timepoints - baseline, before intervention, and 20 

124 minutes later at test. In order to check that there were no differences in motivation or effort 

125 over the three conditions, perceived effort was assessed at the end of the study.

126

127

128 2. Methods

129

130 2.1. Design

131 Twenty-eight children aged 9- to 10-years took part in three conditions on consecutive days: 

132 control condition, mouth rinsing, mouth drying. They were assessed at baseline and 20 

133 minutes later on tests of thirst, mood, letter cancellation, forwards digit span and perceived 

134 effort. In this specific test order, control preceded rinsing to mitigate against elevation from 

135 baseline that was simply due to practice (such effects would be greatest on day 1 when 

136 materials were most unfamiliar).  

137



6

138 2.2. Participants

139 Children were recruited from a primary school in the UK. The whole sample consisted of 28 

140 children aged 9-10 years, but four children did not complete each condition and their data 

141 were removed from the analysis. The sample that was included in the analyses was comprised 

142 of 24 children (14 male, 10 female; age range 9-10 years, M= 9.75, SD= 0.44), none of whom 

143 had special educational needs. Children were not offered any incentive for participation in the 

144 study. 

145

146 2.3. Materials

147

148 2.3.1. Rating Scales

149

150 2.3.1.1. Thirst. To indicate subjective thirst, participants marked a 10cm horizontal line with 

151 anchors stating “Not at all thirsty” at 0cm and “Very thirsty” at 10cm. Scores were calculated 

152 by measuring where the marker was placed on the line and converting it to a percentage, thus 

153 a higher score indicated a higher level of thirst. The same rating scale was used at baseline 

154 and test. 

155

156 2.3.1.2. Mood. Participants marked a 10cm horizontal line with anchors stating, “Not happy” 

157 at 0cm and “Very happy” at 10cm. Scores were calculated by measuring the line from "Not 

158 happy", and expressing this as a percentage: higher scores were associated with a more 

159 positive mood.

160

161 2.3.1.3. Perceived Effort. In order to assess perceived effort, a series of rating scales was 

162 administered at test only. These were an adapted form of the NASA-TLX visual analogue 

163 scale (23) appropriate for children. Participants rated their effort, perceived performance, 

164 temporal demand and mental demand by marking a 10cm line, and ratings were converted to 

165 a percentage. To assess effort, the scale asked, “How did you feel about doing the tests?”, 

166 with anchors indicating, “I didn’t care how I did” (left) and, “I really wanted to do well” 

167 (right). To assess perceived performance, the scale asked, “How hard did you work when 

168 doing the tests?”, with anchors indicating, “I didn’t work very hard” (left) and, “I worked 

169 really hard” (right). To assess temporal demand, the scale asked, “How did you feel when 

170 doing the tests?”, with anchors indicating, “I felt as cool as a cucumber” (left) and, “I felt 
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171 stressed and under pressure” (right). Finally, to assess mental demand, the scale asked, “How 

172 hard did you concentrate with doing the tests?”, with anchors indicating, “I didn’t really need 

173 to concentrate” (left) and, “I concentrated really hard” (right). A higher score indicated a 

174 stronger feeling of perceived effort. 

175

176 2.3.2. Cognitive Tests

177

178 2.3.2.1. Letter cancellation. This was a pencil and paper test. Participants had to cross through 

179 as many of the target letters (U) in a 20x20 grid as possible in 30 seconds. The grid was filled 

180 with targets (n=38) and distractor letters (n=362; O, V and C). An upper case Calibri, size 11 

181 point font was used. The score was the number of correctly identified letters (maximum = 

182 38). Parallel forms were used for baseline and treatment test. A higher score indicated better 

183 performance. 

184

185 2.3.2.2. Forwards digit span. A series of digits were read aloud by the researcher at a rate of 1 

186 digit every two seconds. Participants wrote down the sequence in the order it was presented 

187 after the researcher read the last number of the sequence. Sequences were initially three digits 

188 in length and increased by one digit until a maximum of ten digits were reached. The total 

189 score was calculated by adding the totals from each sequence (number of correctly recalled 

190 digits before an error was made). Parallel forms were used for baseline and test. The 

191 maximum score was 52. A higher score indicated a better performance. 

192

193 2.4. Procedure

194 Children were tested in a group setting in their classroom, but completed all tasks at their 

195 own desks without help from their peers. Testing took place on three consecutive days in the 

196 following order: control, mouth rinsing, dry mouth. Children took part in all three conditions, 

197 which all took place between 10 and 11am. In each test session, children were given a printed 

198 booklet with the scales and tests inside (for baseline and test). Children completed these in 

199 the following order: thirst scale, mood scale, letter cancellation test, forwards digit span test. 

200 Before each scale/test was completed the researcher gave a brief explanation of its content 

201 and they had the opportunity to ask questions if they were unclear. Data were collected 

202 anonymously. The treatment test took place 20 minutes after completion of baseline testing, 

203 and comprised thirst and mood scales, parallel forms of letter cancellation and forwards digit 
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204 span tests, and the perceived effort scales. At the end of the test sessions, children were 

205 thanked for their participation.

206 2.4.1. Control Condition: After completion of baseline scales and tests children were 

207 instructed to read in silence for 20 minutes.

208 2.4.2. Mouth Rinsing Condition: After baseline testing, children were given a cup containing 

209 25 ml water. They were instructed to begin to swill the entire content of the cup around their 

210 mouth and 5 seconds later they were instructed to spit out the water into a plastic cup. The 

211 researcher demonstrated the mouth rinsing procedure first.  Children then read in silence for 

212 20 minutes.

213 2.4.3. Dry mouth Condition: After baseline testing, children were given a clear plastic bag 

214 with 4 cotton-wool dental rolls (size: 10mm). They were instructed to place two rolls inside 

215 each cheek, between their upper and lower teeth and gums, and then close their mouth. The 

216 researcher demonstrated putting the dental rolls into her mouth first. The dental rolls were in 

217 situ for 8 minutes, after which children removed them and put them in a bag that was 

218 provided. They then read in silence for 20 minutes. 

219

220 We did not assess drinking prior to participation in the study because our aim was to evaluate 

221 the effect of our interventions on a group of children, in order to offer guidance on 

222 interventions that might be useful for educators, rather than an individualised approach that 

223 would be less useful for group interventions.  

224

225 2.5. Statistical Analysis

226 A repeated measures ANOVA (TIME x CONDITION) was conducted for each outcome 

227 variable. Planned comparisons comparing baseline and test scores were carried out in each 

228 condition in accordance with the hypotheses. The Bonferroni correction for multiple tests was 

229 employed and the alpha level was set at 0.017 (0.05 / 3 comparisons). For the motivation 

230 scales, which were only included at test, one way ANOVAs (CONDITION) were conducted 

231 for each scale. 

232

233 2.6. Ethics

234 This study was conducted according to the guidelines laid down in the Declaration of 

235 Helsinki and all procedures involving human subjects were approved by the School of 

236 Psychology ethics committee, University of East London. Written informed consent was 
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237 obtained from all parents. Written assent was attained from all of the children who 

238 participated in the study. 

239

240 3. Results

241 Data presented in Table 1 show mean ratings and standard deviations on the thirst and mood 

242 scales, letter cancellation and forwards digit span tests by condition and time of test.

243
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245

Measure Control Mouth Rinsing Mouth Drying

Baseline Test Baseline Test Baseline Test

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Thirst 

rating

61.14 19.42 77.23 21.31 67.68 22.26 63.18 27.77 58.45 30.40 73.59 28.99

Happine

ss

Rating

81.45 15.14 77.82 16.55 73.00 14.13 70.73 21.85 78.09 17.17 73.36 17.32

Letter 

Cancella

tion

24.09 6.82 25.61 7.54 28.35 5.46 30.43 5.36 30.91 4.56 30.91 4.81

Forward

s Digit 

Span

30.79 11.34 29.25 15.49 33.38 11.84 34.29 12.83 34.38 12.42 30.82 10.40

246 Table 1. Means and Standard Deviations for subjective thirst and mood, letter cancellation 

247 and forwards digit span, by condition (control, mouth rinsing, mouth drying) and time of test 

248 (baseline, test)

249

250 3.1. Rating scales

251

252 3.1.1. Thirst. There was a significant interaction between CONDITION and TIME of test, 

253 F(2,42) = 5.58, p = 0.007, but neither main effect was statistically significant (TIME, 

254 F(1,21)= 0.807, p = 0.379; CONDITION, F(2,42) = 2.02, p = 0.146). Follow up tests showed 

255 that those in the control group rated themselves significantly thirstier over time, t(21) = 3.53, 

256 p = 0.002. Those in the dry mouth group showed a trend towards increased thirst ratings at 

257 test compared to baseline, but this was not statistically significant, t(21) = 2.05, p = 0.052, 

258 and the mouth rinsing group's ratings decreased, but not significantly so, t(21) = 1.23, 

259 p=0.231.

260   

261 3.1.2. Mood. In the case of mood, CONDITION and TIME of test had little effect on 

262 subjective happiness. Neither of the main effects nor the interaction were statistically 

263 significant; TIME, F(1,21)=1.706, p = 0.206; CONDITION, F(2,42) = 1.835, p = 0.172; 

264 TIME x CONDITION, F(2,42) = 2.301, p = 0.113. 

265
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266 3.2. Cognitive Tests

267

268 3.2.1. Letter Cancellation. Letter cancellation scores were affected by TIME of test, F(1,22) = 

269 72.44, p<0.001, and CONDITION, F(2,44) = 4.308, p = 0.020, with the interaction 

270 approaching significance, F(2,44) = 2.933, p = 0.064. Planned comparisons revealed that, for 

271 the mouth rinsing group, increased letter cancellation success occurred at test compared to 

272 baseline, t(23) = 2.936, p = 0.007, but there was no significant difference for those in the 

273 control, t(22) = 0.791, p = 0.438, and dry mouth condition,  t(23) = 0.057, p = 0.955. 

274

275 3.2.2. Forwards Digit Span. Digit span was influenced by an interaction between TIME of 

276 test and CONDITION, F(2,46) = 4.978, p = 0.011, with main effects of TIME, F(1,23) = 

277 3.842, p = 0.062, and CONDITION, F(2,46) = 0.148, p = 0.862, not statistically significant. 

278 The pattern observed in the means shows that the largest change in digit span was a decrease 

279 from baseline to test in the dry mouth condition.  However, none of the comparisons were 

280 statistically significant at the corrected alpha level (Control, t(23) = 0.782, p = 0.442; Mouth 

281 Rinsing, t(23) = 0.596, p = 0.557; Dry  mouth, t(23)= 2.396, p = 0.025).

282

283 3.3. Perceived Effort. 

284 Table 2 shows perceived effort scores by condition. Perceived effort was rated only at test 

285 and none of the ratings were affected by CONDITION (Effort F (2,42) = 0.919, p = 0.407; 

286 Performance F(2,42) = 0.885, p = 0.420; Temporal Demand F(2,42) = 0.147, p = 0.864; 

287 Mental Demand F(2,42) = 0.209, p = 0.813). 
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289

Perceived 

Effort Scale

Control Mouth Rinsing Mouth Drying

Mean SD Mean SD Mean SD

Effort 68.73 28.06 64.05 29.90 70.18 29.23

Performance 81.55 15.85 78.60 17.26 75.82 19.28

Temporal 

Demand

31.42 22.14 33.71 29.10 31.50 27.90

Mental 

Demand

73.04 21.55 75.08 18.95 72.21 20.57

290 Table 2. Perceived Effort scores by condition 

291

292 4. Discussion

293

294 Our results show that children's performance on letter cancellation and digit span tasks, and 

295 ratings of subjective thirst and mood, were affected by mouth rinsing and mouth drying in the 

296 following way. Visual attention, as shown by performance on the letter cancellation task, was 

297 improved after mouth rinsing water, but drying the mouth had no effect. Memory 

298 performance, assessed by forwards digit span, shows somewhat equivocal results with a 

299 statistically significant interaction between time of test and condition, but non-significant 

300 follow up tests. Visual inspection of mean digit span scores suggests that the largest 

301 difference between baseline and test scores was a decrease under mouth drying, but this was 

302 not statistically significant. Subjective ratings of thirst showed an effect of condition and time 

303 of test on ratings: when receiving no intervention, thirst ratings increased significantly from 

304 baseline to test, but there were no statistically significant changes in thirst ratings in the 

305 mouth rinsing or mouth drying conditions.  Subjective ratings of mood and perceived effort 

306 were no different over the three conditions. 

307  

308 These data support our hypothesis that visual attention would be improved by mouth rinsing 

309 and would not be contingent on thirst reduction. Our findings are in line with others who 

310 have found that performance on an attention task was not related to thirst (24) and with 
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311 previous research demonstrating that drinking water improved visual attention, but did not 

312 affect subjective thirst (4). What mechanism might underlie the effect of mouth rinsing water 

313 on attention? Psychological explanations consider how drinking and/or wetting the mouth 

314 may affect alertness or reduce distraction associated with a dry mouth. For example, it has 

315 been suggested that drinking a small amount of water (25 mls) may improve letter 

316 cancellation because it reduces mouth dryness, which could be distracting (4). In the present 

317 study, however, we did not find that drying the mouth with swabs resulted in poorer attention. 

318 Thus, our results suggest that wetting and drying the mouth do not have opposing effects, 

319 which might indicate that different mechanisms underlie mouth wetting and mouth drying. 

320 For example, mouth rinsing may affect attention by stimulating oropharyngeal receptors that 

321 elicit neural responses that may occur in advance of changes to hydration status (24–26). In 

322 support of this is recent work in mice that has shown directly that thirst neurons respond 

323 quickly to inputs in the mouth during eating and drinking (27). Alternatively, or additionally, 

324 a haemodynamic response could be involved, with changes in vasodilation and heart rate (5) 

325 linked to increased cerebral blood flow (2). These alternatives should be addressed by future 

326 work.

327

328 The effect of mouth drying and mouth rinsing had somewhat equivocal effects on short term 

329 memory. Other studies, using acute interventions similar to that employed here have reported 

330 that neither a large (300 ml) nor small (25 ml) drink of water improved children's forwards 

331 digit span (4). Only chronic drinking interventions over a whole school day have resulted in 

332 improved digit span (16). Taken together, these findings suggest that, in contrast to visual 

333 attention, the mechanism that underlies the effect of drinking water on memory could be 

334 hydration, and other studies support this interpretation (17,28). It is interesting that there is 

335 some indication that drying the mouth may worsen children's digit span, and this should be 

336 followed up. 

337

338 In the present study, all children received treatments in the same order over three days – 

339 control, mouth rinsing, mouth drying. This was a compromise brought about as a 

340 consequence of working in a school environment, in which it is important to reduce the 

341 impact of study participation on children’s learning. One could argue that the observed 

342 improvements in performance may have occurred via practice as a result of repeated 

343 exposure to materials. We suggest that this is unlikely because a treatment effect was only 
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344 found on Day 2 (Rinsing), and not on Day 1 (Control) when performance gains would be 

345 expected to be highest if practice improves performance. Importantly, parallel forms were 

346 used for baseline and test within each day. Furthermore, if practice were a strong driver of 

347 performance changes, a similar pattern of performance improvements might have been 

348 expected for the short-term memory task, digit span. By contrast, the treatment effect was 

349 specific to letter cancellation performance on the day on which mouth rinsing occurred, in 

350 line with theory. However, practice remains one plausible interpretation that should be ruled 

351 out by future work, in which order of treatments is fully counterbalanced. 

352

353 In the present study our method of assessing digit span required children to write down the 

354 digits that were spoken to them, rather than have them repeat them back. This approach 

355 allowed us to test multiple children simultaneously, thus limiting disruption to the school day. 

356 Digit span tests from many test batteries, such as the Wechsler scales of intelligence (29,30) 

357 require children to repeat back the digits orally in the presented order. However, not only 

358 may the written method have greater ecological validity – for example, it mirrors writing 

359 down a telephone number – written recall has been used when assessing digit span for many 

360 years (31). Furthermore, no difference has been reported in digit spans recorded under 

361 different response methods, including oral, written, or pointing to the numbers (32).

362

363 We found that drying the mouth did not increase thirst ratings over and above no 

364 intervention. While the "dry mouth" theory of thirst has been discounted in favour of those 

365 that explain drinking via osmoreceptors and neural control of drinking (33,34), there is an 

366 empirical association between having a dry mouth and subjective thirst ratings (22). 

367 Furthermore in adults, thirst can be temporarily alleviated by rinsing the mouth with water 

368 (33), although it may require a period of gargling water substantially longer than that 

369 employed in the present study (30 minutes) (26). Our results suggest that a dry mouth may 

370 not be how children primarily experience thirst. There may also be differences between adults 

371 and children with regards to the effect of mouth rinsing, which did not result in reduced thirst 

372 ratings in our study. While studies have reported that drinking water reduces subjective thirst 

373 ratings in adults (4,11,35,36), a recent study reported the counter-intuitive finding that 

374 children’s thirst ratings increased after a small drink (4). Relatively little is known about how 

375 the thirst mechanism operates in children (37), even though they are at particular risk of 

376 dehydration (38).  It has been suggested that children need to learn how to perceive and 
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377 report on the interoceptive sensation of thirst (4) and future work should examine children's 

378 phenomenological experience of thirst over childhood and consider how it matures. 

379

380 Subjective ratings of happiness were not affected by the manipulations adopted in the present 

381 study. This is in line with previous work that has found that large drinks affect children’s 

382 mood (10,16), but smaller drinks do not (4). It is unlikely that the present study was 

383 underpowered to find effects on mood, because the sample size is similar to others in which 

384 drinking water was found to influence mood (10). In any case, it is reassuring that our 

385 manipulations did not make the children in our study unhappy.

386

387 There was no difference in subjective ratings of perceived effort over the three conditions, for 

388 any of the four aspects of effort measured. One role for perceived effort scales is to offer a 

389 check that children were equally motivated to perform well in each condition. Our results 

390 suggest that this was indeed the case, which means that we can discount differences in effort 

391 as a spurious explanation for our findings. Another role of these measures is to offer 

392 explanation for conditions in which one might expect a performance difference, which might 

393 not be forthcoming in the results. Thus, if performance differences were not observed, but 

394 participants reported significantly increased effort, it would suggest that the lack of difference 

395 in outcome between conditions was a result of increased effort (39). This does not appear to 

396 be the case in the present study. 

397

398 It should be noted that the time of the interventions differed in the two conditions, with 

399 rinsing lasting 5 seconds and drying lasting 8 minutes. We selected the timing of these 

400 activities based on those used in previous studies in which an effect was observed, with 

401 mouth rinsing lasting 5-10 seconds (19,21) and mouth drying significantly longer (2 minutes) 

402 (22). Crucially, in all three conditions there was the same 20 minute interval between the 

403 state induced by the manipulation and test. It would be useful, in future, for a systematic 

404 evaluation to be conducted of the amount of time required for rinsing and drying 

405 interventions to affect cognitive performance and thirst ratings. 

406

407 In conclusion, the results of this study suggest that mouth rinsing without ingesting water 

408 improves visual attention in children. This effect of mouth rinsing is selective to attention; its 

409 absence for short term memory is consistent with suggestions that different domains of 
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410 cognition are influenced by different mechanisms. Mouth rinsing is not associated with a 

411 change in subjective thirst, nor differences in mood or compensatory effort. This account 

412 must be approached with some caution, because it is not possible to completely rule out the 

413 effects of practice. Future work should try to eliminate the potential impact of this and also 

414 consider whether similar results are found for mouth drying and mouth rinsing in adults; 

415 previous research suggests there may be a dichotomy in the effect of drinking water on short 

416 term memory in children and adults (4). Finally, this work may have interesting applications 

417 for academic performance. If attention to visual material in a speeded task is improved by 

418 mouth rinsing, it might potentially improve similar aspects of scholastic behaviour, such as 

419 reading speed. 
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