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Supplementary Methods
Animal models
All experiments were performed in accordance with institutional guidelines, the German Animal Rights Law (Tierschutzgesetz, 2013) and were approved by the Regierungspräsidium Tübingen, Germany. All mice were on a C57BL/6J background. 24 and 26 male C57BL/6J (Janvier, F) mice were used for initial establishment of the task and later assessment of training time in the optimized paradigm, respectively. Mice were 2-3 mo old at the beginning of training and maintained under a 13:11 hours light:dark schedule in enriched Typ II IVC cages (Tecniplast, I) in a temperature and humidity controlled vivarium. IVC cages containing sawdust, sizzle nest and one cardboard house as enrichment were used as homecages. Animals were always group-housed. Water was provided ad libitum at all times. All experiments were conducted during the light phase. 

5-CSWM task based operant working memory training for mice
Habituation stages
Before starting training, animals were removed from ad libitum feeding and put on a food deprivation schedule. Weight was kept at 85-95% of individually determined average free feeding weights (average weight across 3 d before food-scheduling started). Animals were accustomed to the future strawberry milk reward (Müller®, G; nutritional values closely matching Yazoo® strawberry milkshake often used for the 5-CSRTT) by providing it 2-3 times in their home cages before food-removal. 
On the first 1-2 d after food-removal, animals were put in the operant boxes to accustom them to this new environment (Med Associates Inc., US; ENV-307A-CT chambers incl. ENV-307A-GF stainless steel grid floor, with ENV-115C 5-choice wall on one side and ENV-303RMW dual pellet/liquid receptacle with 18ga pipe, ENV-303HDW Head entry detector and ENV-302RL-1 receptacle light centred on the opposite wall; the reward was provided by a PHM-100A syringe pump). Doors were closed, the fan and receptacle light turned on, the house light was set into the state which was to be used during later training stages (dark or light protocol), and the reward receptacle was illuminated and filled with strawberry milk. The mice were allowed 10 min to drink the milk. The receptacle was refilled, if emptied within this time. If mice did not drink in the first session, this procedure was repeated once on the same day. If mice did not drink on the first day at all, the described procedure was repeated on the following day. Mice were only advanced to the next stage, if they consumed the milk reward inside the box. 
Next, mice were trained in the basic operant cycle of poking holes in the 5-choice wall in order to obtain a milk reward. The fan was turned on throughout, the house light was set into the state which was to be used during later training stages (dark or light protocol) and all five holes were illuminated initially. When a poke into one of the holes on the 5-choice wall was registered, hole lights turned off, a 20 µl reward was provided in the receptacle and the receptacle light was turned on, simultaneously. 2 s after the mouse entered the receptacle to obtain the reward, the receptacle light was turned off again, signaling the mouse that the time to drink is over and a new trial starts, i.e. all lights of the 5-choice wall were illuminated again. The time period for which the 5-choice-wall lights remained illuminated (stimulus duration, SD) was unlimited. The number of pokes into illuminated holes (equal to the number of earned rewards) was recorded and needed to be at least 40 on three consecutive days before the actual working memory training was started in stage 1on the next day (see Figure 1D for the stages of the task). 

5-CSWM task design
One complete trial of the 5-choice-based operant spatial working memory task (5-CSWM) consisted of two phases (see Figure 1C): In the sample phase (SP) one random hole of the 5-choice wall was illuminated for a given amount of time (stimulus duration, SD; see below). To complete the sample trial, the mouse had to poke into this sample hole within a given time period (limited hold, LH) which included the SD but exceeded it by 2 s. If, in a given time period, no poke (omission) or an incorrect poke (into a non-illuminated hole) was registered, the current trial was stopped, a 5 s time-out (“punishment”) period (alteration of regular house light state), and the regular 15 s inter-trial interval (ITI) followed, and then a new trial was initiated. After a correct poke, however, the receptacle light on the opposite wall was switched on to signal that the mouse had to approach that wall and poke into the receptacle. In the initial stages (see Figure 1C), this response was incentivized by simultaneous delivery of a small milk reward (20 l or 10 l). After activation of the receptacle break beam, the delay phase was initiated (2 s during training; 12 or 22 s for delay challenges), which was immediately followed by the choice phase. In the choice phase (CP) the mouse is presented with two illuminated holes, one of them being the same as the one presented in the sample trial. To successfully complete the choice phase, the mouse had to poke either into the hole that was already illuminated in the sample trial (DMTP paradigm) or into the other one (DNMTP). When choosing the correct hole, the lights on the 5-choice wall were switched off, the receptacle light was illuminated, and a milk reward (60 l) delivered. After an ITI of 15 s a new trial was initiated. If in a given time period the mouse gave an incorrect or no response at all (omission), the current trial was stopped and a 5 s time-out period (no reward given) was applied, followed by a 15 s ITI, before a new trial (SP) was initiated. One training session lasted at least 30 min, but would continue slightly beyond that, if the ongoing trial still had to be completed. The choice of the holes was determined randomly, so that all SP and CP configurations were presented with equal probability. Note that – similarly to the rat CAM task (Chudasama et al., 2005) - premature responses were never punished and did not result in an interruption of the trial.
Assessed output measures were: 
	Phase
	Parameter
	Definition

	Sample
	#correct 
	# of pokes into the lit hole

	
	Response latency (correct or incorrect)
	Time span between start of stimulus and first poke 

	
	Accuracy 
	Choice frequency of the sample hole against all other (non-illuminated) holes

	
	%correct
	Choice frequency of the correct sample hole against the total amount of trials 

	
	%omissions
	Percentage of trials without a decision in the provided time relative to the total amount of trials

	Choice
	Response latency (correct or incorrect)
	Time span between start of stimulus and first poke 

	
	Reward latency
	Time span between first poke and first receptacle beam break

	
	Accuracylit 
	Choice frequency of the sample hole against the additionally lit hole

	
	Accuracyall 
	Choice frequency of the sample hole against all other (illuminated and non-illuminated) holes

	
	#correct
	# of pokes into the correct hole

	
	%correct
	Choice frequency of the correct hole against the total amount of trials 

	
	%omissions
	Percentage of trials without a decision in the provided time relative to the total amount of trials



5-CSWM task training
The three main stages of the 5-CSWM task were primarily characterized by the distance (number of non-illuminated holes) between the two holes presented in the choice phase – 2-hole gap in stage 1, 1-hole gap in stage 2, and either 1- or 2-hole gaps (randomly) in stage 3. For the third challenge protocol (“proximity challenge”) this distance was further reduced to 0, i.e. the two choice holes were immediately neighbouring. The implies that – when taking the identity of the correct hole into account - there are 4 possible choice configurations in stage 1, 6 in stage 2, 10 in stage 3 and 8 in the proximity challenge. The assumption is, that the difficulty of the task and the difficulty to solve it by positioning the body in front of the correct hole during the delay increases with the number of expectable choice options as well as with decreasing distance (higher similarity) between the two choice holes. However, task difficulty did not seem to increase with decreasing distance, as indicated by the results of the proximity challenge (Figure 2A-F). (Note that - based on the result of the proximity challenge - a further modification, that could be made in future studies to achieve the same goal, would be to illuminate more than 2 holes, so that 2 or more incorrect holes would be presented simultaneously with the correct one in the CP, lowering the probability to pick the correct hole by chance or to encode the correct choice by positioning the body on either side of the box. Also note, that the observation, that mice trained in the dark protocol are – if anything – better than those trained in the light protocol (Figure 2A-F), suggests, that mice do not use orientation and body-placement according to visual landmarks (such as the 5-choice wall itself) in the delay phase (during which the box is dark in the dark protocol) to maintain the information about the correct choice.) Additionally, the SD in SP and CP was 30 s in stage 1 and 20 s in stage 2 and at the beginning of stage 3 (see below).
There were further sub-stages within the main stages 1 and 2 - which were defined by the amount of reward given in the SP - and in main stage 3 - which were defined by the stimulus duration in the SP (SP-SD). Starting from a SP reward of 20 µl in stage 1 and 10 µl in stage 2, the amount was reduced at 10 µl and then 0 (stage 1) or to 0 (stage 2), if the respective criterion was met. (Note that the current sub-stage of stage 1, from which the animal departed, determined the sub-stage of stage 2 with which it continued, i.e. animals would receive 10 µl if they had received 20 or 10 µl in stage 1 before, but they would receive 0 µl, if they had arrived at 0 µl already in their prior training in stage 1.) This measure was done to avoid animals to adapt a strategy of obtaining their reward mainly from performing well in the SPs, while accepting a random (50 %) success rate for the CP; the same measure was used in the rat CAM-task (Chudasama et al., 2004, 2005; Chudasama and Robbins, 2004). In stage 3 (SP reward = 0 µl by default), the sub-stages involved a shortening of the SP-SD to 8 s and (in the first cohort, n = 2*12) to 4 s. This has the advantage of better standardizing the allowed amount of time to encode what is the correct stimulus location and provides a baseline (with 4 s SD), from which sustained attention could be challenged by reducing the SP-SD further on individual days, if desired, as done in the standard mouse 5-CSRTT (Bygrave et al., 2016; Grimm et al., 2018). 
All shifts between stages required that the respective performance criterion was met in 3 consecutive training sessions. The criterion to transition between main stages was always based on working memory performance, requiring a CP accuracylit ≥ 70 % (analogous to the rat CAM-task) and a number of correct choice trials of ≥10. The criterion to transition between sub-stages was always based on the SP, requiring ≥25 correct SP responses and – for transitions within stage 3 (shortening of SD) a SP accuracy of ≥80 %.
Note that the rat CAM-task uses shorter SDs in both the SP (< 1 s) and the CP (3 s) (Chudasama et al., 2005), but – just like in the 5-CSRTT – mice have considerable difficulty with such short SDs, leading to high omission rates and hence slow learning progress. In the second cohort, animals were only trained up to the sub-stage with an SD of 8 s (Figure 3), because mice (in both cohorts) progressed only slowly towards sub-stages with shorter SDs. The major difference to the rat CAM task is that the whole task, consisting of both the SP and the CP, is trained right from the beginning, while the CAM-task started with training the SP only – i.e., the standard 5-CSRTT –until rats could perform with a SP-SD below 1 s, before adding the CP, resulting in a total training time of 6-8 mo (Chudasama et al., 2004, 2005; Chudasama and Robbins, 2004). Given our focus on the WM-component and difficulty of mice to achieve acceptably low omission rates with short SDs in the 5-CSRTT, we relaxed the requirement for a short SD and avoided potential re-learning problems upon altering the task-procedure (adding the CP) by training the full protocol from the beginning. The fact that at least some animals could learn the full working memory task (successful transitioning to stage 3, 20 s SD) within just a few weeks (Figure 3), suggests that this strategy is indeed successful, although it has to be acknowledged that we have no empirical evidence to confirm the superiority of this strategy over the two-phase version.
Finally it needs to be noted, that one half (n = 12) of our first cohort, deviated from the schedule above, as it was trained in the DNMTP paradigm first, which was terminated after 21 sessions due to lack of progress, and then entered the training schedule again from the beginning, albeit in the dark protocol (i.e. the house-light was switched off in the default training state and only illuminated for time-out (punishment) periods) and with the DMTP paradigm. The other half of that cohort was trained in the DMTP-paradigm in the light protocol throughout (i.e. the house-light was switched on in the default training state and only switched off for time-out (punishment) periods).
Challenges in the 5-CSWM
For working memory it is common to see effects of pharmacological (Béracochéa et al., 2001; Zhang et al., 2013) or other manipulations (Kellendonk et al., 2009; Wolff et al., 2003) only with longer delays, which suggests that there needs to be a certain demand for holding specific information actively in memory for some longer time in order to necessitate high functioning of this cognitive process. Therefore, the first type of challenges used were the ones with an increased delay (delay-challenges). These challenges differ from the last training stage used (baseline stage), only in the length of the delay, adding either 10 or 20 s to the 2 s delay of the baseline protocol. Note that the effective delay is somewhat longer in each case, because the time that the animal takes to return to the reward receptacle and poke into it (which triggers the delay start) is not taken into account. As a third challenge the distance between the two illuminated holes in the choice phase was further decreased to zero (proximity challenge). This means that the two illuminated holes were directly next to each other. All other parameters were the same as in the baseline stage protocol in each case. Furthermore, during drug applications (see below), in addition to increasing the delay, we also shortened the SP-SD to 2 s to further standardize the permitted time to encode the future correct hole and to mildly challenge sustained attention, in order to evaluate potential modulation of this cognitive function simultaneously.

Pharmacological experiments in the 5-CSWM task
Following the initial motivation for establishing this task as one that has predictive validity with respect to human or primate spatial working memory tests, the responses to different drugs, some of which were shown to influence working memory in the latter species at least under some conditions were tested. 
Modafinil, the mGluR5-positive allosteric modulator (PAM) LSN 2463359 and the α2A-adrenoreceptor agonist guanfacine were tested in a within-subject design. All drugs were injected according to a latin-square scheme determining dose-assignment on a particular day, counterbalanced within the subgroups trained in the light- and dark-protocols by intraperitoneal (i.p.) route at a volume of 10 l/g mouse (1 % of the bodyweight) and the stated solutions used for dissolving each drug were used as respective vehicle. Modafinil (Sigma, G) was dissolved in 20-24 % DMSO/saline and injected at the doses 0 (vehicle), 15, and 30 mg/kg 30 min before testing started, according to (González et al., 2014; Morgan et al., 2007). (A small subset of mice also received a further injection of 60 mg/kg, following (Béracochéa et al., 2001; Murphy et al., 2015; Piérard et al., 2007), but the result was not different from the 30 mg/kg performance, not shown). LSN 2463359 (Tocris, UK) was dissolved in 10 % DMSO / 0.3 % TWEEN80 / saline and administered in doses of 0 (vehicle), 0.33, 1.11, 3.33 and 10 mg/kg 60 min before testing started (based on doses used in (Gastambide et al., 2013; Gilmour et al., 2013). Guanfacine (Tocris, UK) was diluted in saline and administered at doses of 0 (vehicle), 0.33 and 1 mg/kg 60 min before testing started, following dose-response studies in the T-maze (Franowicz et al., 2002) and the 5-CSRTT (Pillidge et al., 2014). Working memory was challenged by applying an additional delay of 20 s (modafinil, LSN 2463359) or 10 s (guanfacine), and attention was mildly challenged by a sample-phase SD of 2 s. Running through the latin-square scheme, wash-out-days were incorporated after days of drug application (i.e. before the next injection) as follows: 1-2 d for modafinil and LSN 2463369, and 6-7 d for guanfacine. 
Statistical analysis
All data was analyzed in SPSS (IBM, US). Repeated-measures ANOVA across all groups (DMTP vs. DNMTP, Figure 1; dark vs. light protocol, Figure 2) and conditions (session blocks, Figure 1; challenges or drug doses, Figure 2) present in a given experiment were used throughout as initial analysis (see Supplementary Table 1 for all results). Simple-main-effects were used as primary post-hoc tests, if applicable (results indicated in figures only). For non-pharmacological experiments, paired t-tests were also calculated within groups for descriptive purposes (indicated in Supplementary Table 1 only). 
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Supplementary Figure 1. SWM performance during initial training sessions. (A) Boxplots showing the accuracylit during the first 7 training sessions (same data as shown averaged in Figure 1E), as indicated, for mice trained in the DMTP (purple) and DNMTP (pink) paradigm; the number below each boxplot represents the number of animals that contributed to it, which excludes the mice that did not have a single correct response in the respective session (from 12 mice tested per group). The DMTP group showed a performance that was significantly higher than chance level (yellow line) on the days indicated (*; 0.01 < p < 0.05; one-sample t-test against 0.5). Note, however, the high variability in the DMTP group within and across training sessions, showing a lack of consistent performance.


[image: ]

Supplementary Figure 2. SWM performance after modafinil or LSN 2463359 application. 
Animals were pre-treated by modafinil (A-E, 30 min before testing) or the mGluR5-PAM LSN 2463359 (F-J, 60 min before testing) at the indicated doses. Delay-length was chosen at 22 s to challenge WM, and the SP stimulus duration (SD) was 2 s throughout to standardize encoding time and challenge sustained attention. For clarity, statistical effects of drug-dose, group and interactions found in repeated-measures ANOVAs are indicated above the respective words in each panel, while simple main-effects post-hoc results of pairwise dose-comparisons are indicated on horizontal lines (black) and effects of group at individual doses are indicated below the datapoints (grey). n.s. or no indication p > 0.1, # p < 0.1, *, p < 0.05; **, p < 0.01. All data is shown as mean±SEM. Modafinil (A-B) and LSN 2463359 (F-G) had no effect on SWM at the tested doses, but also not on SP accuracy (E, J). Nevertheless, general efficacy of modafinil could be confirmed by a significant decrease of the reward latency (D), consistent with increased motivational locomotor drive described at similar doses in mice before (Young et al., 2011). All data is shown as mean±SEM.
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Supplementary Figure 3. Premature responding in the choice phase after guanfacine. 
The average relative amount of choice phase trials in which mice made a correct (A) or incorrect (B) premature response, normalized to the number of started choice phase trials (i.e. number of correct sample phase responses) is displayed in %. In an overall repeated-measures ANOVA containing guanfacine dose, type of premature response and protocol (dark vs. light) as independent variables there were significant effects of dose (F = 17.3, p < 0.0005) and a response-type * protocol interaction (F = 48.3, p < 0.0005), while none of the other factors and interactions reached significance (p > 0.1). The interaction was driven by the fact, that animals in the dark protocol made significantly more correct premature responses than animals from the light protocol, while the reverse was true for incorrect premature responses. The results of the repeated-measures ANOVAs within each type of premature response are displayed at the bottom of each panel (dose-group interactions did not reach significance in either case, p > 0.1), the comparisons between individual dose-levels are indicated on top of each panel, and significant differences between protocols at each individual dose are indicated by grey asterisks (Simple-Main effects post-hoc comparison). n.s. or no indication p > 0.1, # p < 0.1, *, p < 0.05; **, p < 0.01, ***, p < 0.001. All data is shown as mean±SEM.
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Supplementary Table 1. Repeated-measures ANOVAs for behavioural tests. The tested variables and the figure panel that displays the data (“Fig.”) are indicated in the two left columns; the experiment is identified in blue font. All data is taken from the primary male wildtype cohort (n = 2*12) but not all animals contributed to each experiment as described in the main text, hence degrees of freedom (df1, 2) differed. “F” and “p” columns render F- and p-values, respectively of the repeated-measures ANOVA, whereby significant p-values (< 0.05) are highlighted green. “Group” indicates the between-subject factor (SWM paradigm DMTP vs. DNMTP or house-light state: light vs. dark protocol). Block of training (first 7 vs. third 7 sessions), challenge-condition or drug-dose are within-subject factors, as indicated, and interactions are determined between both factors. For non-pharmacological tests, paired t-tests were calculated within the two groups separately, assessing significance for the respective within-subject factor; the resulting p-values are stated. SP, sample phase; CP, choice phase. Statistics for LSN 2463359 is not shown, since there were no significant or trend-level effects of dose or dose*group interactions (see Supplementary Figure 2).



	Stage
	Experimental step
	Important

	Pre-habituation
	· Handling of mice (≥ 3 d)
· Measure free-fed weights (FFW) at same time of day (3 d)
· Remove regular food on 3rd day of weighing (evening)
· Provide strawberry milk reward in home cage (weighing boat) on last days of weighing until animals drink within ca. 60 min
	· Animals need be calm at interaction with experimenter and consume milk reward in their home cage

	Box-habituation
	· Assign each animal to one operant box (for all stages)
· Insert mice into operant box for 10 min with milk reward provided in illuminated receptacle; refill receptacle if mice finished the reward – repeat 2-3x/d until animals fully consume the reward in the box
· Simultaneously, animal weights should gradually approach 85-90 % of FFW; weigh mice daily at same time from now on; extra-feed individual mice in separate cages 1-3 h per day before daily feeding of complete cage if necessary due to excessive weight drops/divergence
	· Animals need to consume milk reward (ca. 100-200 l per session) inside the operant box
· Limit weight divergence – and esp. weight drops below 85 % FFW – by extra-feeding lighter mice 1-3 h after training

	Operant habituation training
	· 1 daily 30 min session of operant training: all 5 holes are illuminated until mice poke one of them, for which they obtain a 20 l milk reward in then-illuminated receptacle; consumption of the reward restarts a new cycle without delay
· Mice are trained until they obtain 40 rewards (trials) per session for 3 consecutive days
· Mice can be trained a few (!) sessions further than criterion to allow moving multiple mice to the next stage en-bloc
	· Mice should not be over-trained on this paradigm, as they have to unlearn it later (in our experience mice tend to rather associate poking holes with reward, not illuminated holes specifically!)
· If necessary rather relax criterion to 30 trials & 2 consecutive days

	5-CSWM
Stage 1
	· Train mice in 5-CSWM cycle (see Methods) with 20 s SD in SP and CP, 2 s delay and 15 s ITI; reward sizes are 20 l (SP, initially) and 60 l; omissions and incorrect responses in each phase are punished by omission of reward and immediate switch of houselight state for 5 s after which a new ITI and trial starts
· We recommend training in the DMTP paradigm and the dark protocol (houselight off by default, only on for time-outs)
· SP-reward size is decreased to 10 l and (optionally) 0 l if mice have obtained ≥25 #correct in the SP on 3 consecutive days
· Mice need to achieve ≥10 #correct and ≥70 % accuracylit on 3 consecutive days to transition to Stage 2
	· Weigh & train animals at the same time of day
· The ITI can also be shortened to 10 s after CP and 5 s after time-out in SP (throughout stages)
· The key goal at this stage is for the animals to obtain many trials & #correct to facilitate training progress

	5-CSWM
Stage 2
	· Training as stage 1, but with more CP configurations and SP-reward of 10 l or (optionally) 0 l (see Methods)
· Mice need to achieve ≥10 #correct and ≥70 % accuracylit on 3 consecutive days to transition to Stage 3
	· If animals take many sessions (>100) to reach criterion, this stage can also be used as final

	5-CSWM
Stage 3
	· Training as stage 2, but with more CP configurations and SP-reward of 0 l (see Methods)
· SP-SD is reduced to 8 s if SP-accuracy is ≥80 %
· Mice need to achieve ≥10 #correct and ≥70 % accuracylit on 3 consecutive days to transition to challenges
Optional:
· The number of CP-configurations might be increased further by also adding those with neighbouring holes (e.g. holes 3 & 4)
·  SP-SD and CP-SD can be reduced further (e.g. to 4 s) without affecting accuracies much – check response latencies to see how much time animals actually need!
	· a SP-reward of 10 l might also be used in Stages 2&3 and further, e.g. to enforce/motivate receptacle entries at the end of the delay phase when extending the delay in challenge protocols
· reduction of SDs helps to standardize encoding and decision times, eliminating trials where mice don’t participate in the task; also allows to test attention by reducing SP-SD to 1 s as a challenge later

	Challenge protocols
	· run challenge protocols on 1 or 2 consecutive days per challenge with training in baseline protocol (Stage 3) on ≥2 d in between different challenges
· Delay challenge: increase delay to 5 s, 10 s and/or 20 s before or after required receptacle entry
Theoretical further options:
· Distraction: briefly switch the houselight (0.5-1.0 s) 1-2x at random times or present a tone during delay
· Attention challenge (analogous to 5-CSRTT): reduce SP-SD to 1 s (from a baseline of 4 or 2 s)
· Use challenges esp. when conducting potentially WM-enhancing manipulations (e.g. pharmacology)
	· Delay challenges are key, but animals may adapt to it upon multiple replications
· Adding more CP-configurations (pairs of holes) & proximity do not have a strong challenging effect after Stage 3
· For distraction, monitor orienting response as older mice might be deaf; don’t use illumination of all 5 holes as distraction, as it is mistaken as GO-signal (i.e. a CP)


Supplementary Table 2. Training schedule and checklist for setting up the 5-CSWM task. The training stages are listed in the order of their succession during the training of a cohort, with the main parameters and instructions for their conduct (middle column) and important points to be aware off (right column). Note that multiple other challenges might be tried, e.g. using more than 2 illuminated holes as CP-configurations (might need to be explicitly trained though), combinations of the challenges, or variable delays within one session. For data acquisition, ensure that for the sample phase number of total, correct, incorrect and omitted trials, reward and response latencies (the latter separately for incorrect and correct trials), and for the choice phase number of total, correct, incorrect (separately for response to illuminated and non-illuminated holes) and omitted trials, reward and response latencies (separately for incorrect and correct trials), and premature responses (separately for incorrect and correct CPs) are recorded. Abbreviations: CP, choice phase; FFW, free-feeding weight (baseline weight established before food deprivation); ITI, inter-trial interval; SD, stimulus duration; SP, sample phase.
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Supplementary Table 1a

Paired t-test

DMTP vs DNMTP initial taining group block interaction within group
Tested variable Fig. [df1,2 F F P F P DMTP |DNMTP
Accuracy-lit, CP 1F 1,22 11.29

Accuracy-all, CP 1G 1,22 6.01

%correct, CP 1H 1,22 1.57] 0.225

Number correct, CP 11 1,22 0.05] 0.826

Accuracy, SP 1J 11,22 0.60] 0.448

Supplementary Table 1b ANOVA Paired t-test
10s delay challenge group challenge interaction within group
Tested variable Fig. |df1,2

Accuracy-lit, CP 2A |1, 15

Accuracy-all, CP 2B 1. 15

%omissions, CP 2C 1. 15

Number correct, CP 2D 1. 15 . . . : .

Reward latency, CP 2E 1. 15 041] 0532 0.26] 0615 1.42] 0.253] 0.279] 0.627
Accuracy, SP 2F 11,15 0.18] 0678 052] 0483 044] 0.520] 0.970] 0.306
Supplementary Table 1¢ ANOVA Paired t-test
20s delay challenge group challenge interaction within group
Tested variable Fig. |df1,2 F F light | dark
Accuracy-lit, CP 2A 1. 15 6.86

Accuracy-all, CP 2B 1. 15 8.77 !

%omissions, CP 2c [1.15 | o070l 0415] o006 0804

Number correct, CP 2D 1. 15 8.75 3 )

Reward latency, CP 2E 1. 15 0.04] 0845 283] 0113] 0.20] 0663] 0427 0.150
Accuracy, SP 2F 11,15 1.05] 0.321 249] 0136] 2.14] 0.164] 0.926] 0.106
Supplementary Table 1d ANOVA Paired t-test
Proximity challenge group challenge interaction within group
Tested variable Fig. |df1,2 F F P F p light | dark
Accuracy-lit, CP 2A [1.19 | 16.08 1.53] 0231] 1323
Accuracy-all, CP 2B [1.19 1.18] 0.291 3.35] 0.083] 0.00] 0949] 0329 0.117
%omissions, CP 2C 11.19 -|- -|- - -
Number correct, CP 2D 1,19 | 970 311]_0.376] 0.548] 0.005|
Reward latency, CP 2E 1. 19 6.64 0.64] 0.208] 0.388] 0.059
Accuracy, SP 2F 11,19 0.18 0.00] 0960|] 0927] 00977
Supplementary Table 1e

Guanfacine testing group dose interaction

Tested variable Fig. |df1,2 F p F p F p

Accuracy-lit, CP 2G 1. 20 1.78] 0.181

Accuracy-all, CP 2H [1.20 2.29] 0.114

%omissions, CP - 1. 20 0.30] 0.740

Number correct, CP 2 1. 20 0.04] 0.961

Reward latency, CP 2J 11.20 0.02] 0.980

Accuracy, SP 2K 11,20 2.53] 0.092

Supplementary Table 1f

Modafinil testing group dose interaction

Tested variable Fig. |df1,2 F p F p F p

Accuracy-lit, CP 2L 1. 20 0.24] 0.631 0.08] 0924 0.54| 0.586

Accuracy-all, CP 2M 1. 20 0.06] 0804 002] 0980 0.07] 0.936

Number correct, CP 2N [1.20 049] 0493] 061] 0.551 0.40] 0.674

Reward latency, CP 20 |1.20] 542 1.56] 0223

Accuracy, SP 2P 11.20 0.72] 0407 019] 0832 0.76] 0.475
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Supplemen

tary Methods

 

Animal models

 

All experiments were performed in accordance with instit

utional guidelines

, the German Animal 

Rights Law (Tierschutzgesetz, 2013)

 

and

 

were 

approved by the Regierungspräsidium Tübingen, 

Germany. 

All mice were on a C57BL/6J background. 

24 and 26 male C57BL/6J (Janvier, F) mice 

were used for initial establishment of the task and later assessment of training time in the optimized 

paradigm, respectively. Mice were 2

-

3

 

mo old at the beginning of training and maintained under a 

13:11

 

hours li

ght:dark schedule in enriched Typ II IVC cages (Tecniplast, I) 

in a

 

temperature and 

humidity controlled vivarium

. 

IVC cages containing sawdust, sizzle nest and one cardboard house

 

as 

enrichment were used as homecages. 

A

nimals were always group

-

housed.

 

Wate

r was provided 

ad 

libitum

 

at all times. All experiments were conducted during the light phase. 

 

