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The Differential Impact of a 
Response’s Effectiveness and its 
Monetary Value on Response-
Selection
Noam Karsh1,2*, Eitan Hemed1, Orit nafcha1, Shirel Bakbani elkayam1, Ruud custers3 & 
Baruch eitam  1

While known reinforcers of behavior are outcomes that are valuable to the organism, recent research 
has demonstrated that the mere occurrence of an own-response effect can also reinforce responding. 
In this paper we begin investigating whether these two types of reinforcement occur via the same 
mechanism. To this end, we modified two different tasks, previously established to capture the 
influence of a response’s effectiveness on the speed of motor-responses (indexed here by participants’ 
reaction times). Specifically, in six experiments we manipulated both a response’s ‘pure’ effectiveness 
and its outcome value (e.g., substantial versus negligible monetary reward) and measured the influence 
of both on the speed of responding. The findings strongly suggest that post action selection, responding 
is influenced only by pure effectiveness, as assessed by the motor system; thus, at these stages 
responding is not sensitive to abstract representations of the value of a response (e.g., monetary value). 
We discuss the benefit of distinguishing between these two necessary aspects of adaptive behavior 
namely, fine-tuning of motor-control and striving for desired outcomes. Finally, we embed the findings 
in the recently proposed Control-based response selection (CBRS) framework and elaborate on its 
potential for understanding motor-learning processes in developing infants.

By definition, human behavior is strengthened by reinforcers1,2: Valued outcomes increase the vigor and fre-
quency of actions that have produced them. As those reinforcing indices have been repeatedly linked to the value 
or worth of outcomes, it came as a surprise that substantial body of recent research found that responses can 
also be reinforced by neutral outcomes. Specifically, the mere fact that a response leads to a mundane perceptual 
change in the environment has been repeatedly demonstrated to be enough to increase the speed and to some 
degree, the frequency of that response3–7.

These findings could be taken as evidence that action-effectiveness generates value and hence, by making the 
previously neutral perceptual effect valuable, influences responding through the same mechanism as established 
reinforcers - such as monetary rewards - do. Yet, some empirical evidence as well as theory suggests that action 
effectiveness and ‘classic’ reinforcers operate through somewhat different routes. In the present paper, we test 
whether monetary rewards as classic reinforcers motivate behavior in the same way as action effectiveness does.

Action effectiveness as a reinforcer. The reinforcing power of mere action effectiveness was first demon-
strated in our Effect Motivation task3,4. In this task, participants have to “stamp” colored circles falling down from 
the top of a computer screen randomly in one of four lanes, using four different response keys. Results show that 
responses where significantly speeded up if key presses were immediately followed by a behavioral change, such 
as the circle changing color. Under some conditions, such direct action-effects also increased the frequency of 
selecting the relevant responses. In short, in every way, action effectiveness acted as a reinforcer of behavior.

However, some findings suggest that action effectiveness in the Effect Motivation Task does not reinforce 
behavior in the same way as classic reinforces. For example, while behavior-contingent reinforcement (e.g., token 
reinforcement8), has been shown to successfully strengthen behavior, we3 (Exp 2) have found that repeatedly 
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attaining game points for correct performance – – did not lead to faster responding above and beyond mere 
action effects. Similar findings were obtained in a recent study6, in which an affirmation of participants correct 
responding (a well-known reinforcer) that wasn’t spatially linked to the response, failed to facilitate response 
speed. Finally, in yet another study7 participants suffering from major depression (MDD), which is associated 
with deficient reward processing9, displayed fully intact sensitivity to effectiveness feedback. Specifically, their 
response speed was facilitated by own-action effects at least as strongly as it was in healthy participants.

These anecdotal findings demonstrate that although effectiveness in the Effect Motivation Task clearly rein-
forces behavior, it may operate through a somewhat different route than ‘classic’ reinforcers do. Given that this 
would suggest a modification of the current understanding of the ‘reward system’, the present research further 
explores this possible dissociation by directly testing whether the value of outcomes reinforces responses at the 
motor level as effectiveness was found to.

Motivation and response selection. Much of current work on how motivation affects response-selection 
focuses on the brain’s ‘reward-system’. According to current models of how this system relates to response selec-
tion, the striatum — a sub-cortical area which is a key part of the basal-ganglia — is important for represent-
ing the predicted worth of specific actions and influencing the response selection process accordingly10–14. For 
instance, a positive or desired outcome (such as money or food) that is contingent on one’s action is represented 
with its predicted value related to the specific action that it is contingent upon13. Given the perception of an 
‘appetitive stimulus’ (a stimulus which was found to be reinforcing upon consumption), the response that is rep-
resented with a higher predicted value is more likely to be selected among other response options13.

Given such a mechanism of behavioral control, one route for the modification of responding – an increase in 
the frequency of responding15–18– can be explained by the modulation of (response) selection by predicted value. 
As it is a consensus that the actions of animals – that is the what and whether of doing – are selected by their rela-
tionship with predicted value/worth or a computation in which predicted value figures in; the specific question 
we ask here is whether predicted value also influences the lower levels of selection, the specific movement through 
which an (abstract) action is manifested.

Theoretically, as we further develop below, while modulation of responding by effectiveness is driven by a 
match between predicted and perceived outcomes (i.e., the output of the ‘comparator model’ previously proposed 
to explain human’s ‘sense of agency’19); modulation of responding by value is seemingly driven by various assess-
ments of utility or goal-relevance20–22.

The control-based response selection (CBRS) framework. Focusing on the modulation of a specific 
movement is based on the findings suggesting that response-contingent effects also facilitate response speed when 
response selection is fully specified18. The findings of our previous studies are summarized in a working-model 
named the Control-based response selection (CBRS) framework5,6,23. Specifically, the CBRS framework places 
the effects of pure (to differentiate from the typical utility-based notion of effectiveness) response-effectiveness 
as affecting lower levels of response selection. More specifically, the lower levels (which are part and parcel of the 
motor-system) are the ones which occur after a response is fully specified at a relatively abstract level (i.e. through 
the specification of a motor goal and the operation of an inverse model to attain that goal24–26). According to the 
CBRS framework, this post action-selection modulation of responding depends on the outputs of a relatively 
simple mechanism that the brain uses to evaluate the effectiveness of its motor programs – the Comparator 
model27,28.

A key principle of the CBRS framework is that different levels of response selection are sensitive to different 
inputs. The more abstract level at which action is selected (the selection of what/when/whether to perform an 
action; such as ‘get the coffee mug’) may be sensitive to the Comparator model’s output and also receive inputs 
such as goals, utility-like calculations and the results of the representation of the abstract requirements of the task 
at hand (such as ‘respond rapidly’).

Conversely, the sole input to the ‘lower’ levels – the specific motor programs that are to be activated – are the 
outputs of multiple comparators as specified by the optimal control theory of motor control beyond the initial 
operation of an inverse model24–26 (For a dissenting position29).

In our work, we have focused on subpart of the above comparators; specifically, on the modulation of the 
motor program by the so called ‘comparator model’ (or ‘third comparator’) –which compares the reafferent 
(incoming or sensed) stimulation with the sensory-motor prediction generated by the efference copy24 (although 
it has been recently argued that sensory-motor predictions can also be generated in other ways30)

The primary contribution of the CBRS framework is in linking between the above, motor system-based assess-
ment of a response’s effectiveness (enabled by the machinery specified in the ‘comparator model’) and the param-
eters this assessment is sensitive to with their potential to modulate different levels of response selection (higher 
vs. lower).

Of most relevance to the current study, is that the CBRS framework is consistent with the prediction that the 
lower levels of motor programing will not be sensitive to classic reinforcers such as the monetary value associated 
with a specific response if these influence only the initial selection of the motor program (the inverse model24; see 
also31). This is what the current study set out to test.

The Current Study
Here we adapted a task repeatedly shown to generate response time (RT) facilitation by pure effectiveness feed-
back to test whether monetary value will produce the same effect. Importantly, in this task, speeding up of RT by 
own action-effects was seen even though the variability during the action selection phase (‘inverse model’) was 
minimized by cueing the required response.
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First, we tested whether the speed of response selection in humans is sensitive to different expected positive 
outcome values (i.e. substantial and negligible monetary values) when pure response-effectiveness is provided. 
(Experiments 1a and 1b). As the pattern of results was inconclusive, we conducted two further experiments 
(Experiments 2a and 2b) retesting the critical conditions. This presented a clearer answer to the above questions. 
Experiment 3 was conducted to attempt and replicate these findings in a different task which better controls for 
speed accuracy tradeoff (a potential concern in the previous experiments). Finally, Experiment 4 was conducted 
to provide a comprehensive examination of the above question by directly examining whether modulation of 
responding in humans, post action selection, is sensitive to value (e.g., monetary values) both with and without 
pure effectiveness feedback. In all experiments we applied a between-subject design to avoid carryover effects (i.e., 
a potential change in the value of the monetary reward and\or the value of pure response-effectiveness because 
of gaining smaller\larger sums in the previous block of trials). Given variation in the sample size per condition 
between experiments and to quantify the strength of evidence for our conclusions, we used Bayes factor for all 
critical analyses.

Results
Experiment 1a & 1b: The influence of monetary value on response selection when pure effec-
tiveness-feedback is provided. In the Effect Motivation task3,4 participants face a computer screen and 
place their fingers on four designated response keys (‘S’, ‘D’, ‘H’ and ‘J’). On each trial a colored circle (a target) 
appears in one of four possible horizontal locations at the top of the screen and rapidly descends in a vertical 
downward path. Participants are instructed to ‘stamp’ the circles as they appear on the screen by pressing the rele-
vant spatially coded key. In Experiment 1a, participants were randomly assigned to one of three between-subject 
conditions: a Substantial Monetary Gain condition in which each appropriate response immediately affected the 
target circle that changed into an Israeli Shekel coin (~0.3 US Dollars) for 200 ms, followed by its disappearance 
until a new trial begun (See Fig. 1 for an illustration); a Negligible Monetary Gain condition in which the tar-
get circle-cue changed into an Israeli coin called an Agora (0.003 US Dollars or ~0.3 US cents) which although 
familiar to participants is now out of circulation; and a No-Effect/No-Gain condition in which responses changed 
nothing on the screen and the target circle continued its descent to the bottom of the game window. Crucially, 
in the monetary effect conditions, participants were explicitly told that at the end of the experiment they would 
receive the sum value of the coins that will appear on the screen during the task.

In Experiment 1b we used three additional conditions (six conditions over all): a Substantial Monetary 
No-Gain condition in which the monetary gain was not mentioned in the instructions and thus, participants 
did not expect to actually receive the many Israeli Shekel coins that appeared, conditional on their responses; a 
Negligible Monetary No-Gain condition that was identical to the Negligible Monetary Gain condition except that 
here too, the possibility of an additional monetary gain was not mentioned to participants; thus, participants in 
this condition did not expect to actually receive the multiple (worthless) Agora coins that appeared, conditional 
on their responses; for comparison purposes, we also added a (standard) Effect condition in which the target-cue 
changed its color to white for 200 ms immediately after participants’ (correct) response which was experienced 
as a ‘flash’.

Based on the theoretical and empirically established links between tangible rewards and response selec-
tion11–14, the consensual prediction is that given that the degree of pure effectiveness is identical in the four differ-
ent monetary conditions (i.e., in all conditions a perceptual effect immediately follows responses) — participants’ 
responses would be faster in the Substantial monetary condition compared to the Negligible monetary condition 
but only if they expect to gain the money; critically, when participants do not think there is real money to be gained, 
we expected the facilitation in response selection due to variation in receiving own-action effects to reappear 
(compared to the No-effect condition3–7,23).

Before analyzing the data we applied a similar filtering procedure as in previous experiments using this task 
in the following order: participants with less than 85% correct responses (Exp.1a: one participant; Exp.1b: 4 
participants), incorrect responses (Exp.1a: 324/10620 = ~3%; Exp. 1b: 1364/ 27720 = ~5%), responses that were 

Figure 1. An illustration of a trial in the Substantial Monetary Gain with pure response-effectiveness feedback 
condition. Participants are instructed to press a spatially and color-coded key on a standard keyboard when they 
first see the descending cue (left box). Immediately after an appropriate response, the circle cue changes to a one 
NIS coin for 200 ms (middle box) and disappeared until the end of the trial (right box). The 1 NIS coin image 
depicts a unit of currency issued by the Bank of Israel. This design is copyrighted by the Bank of Israel.
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either above 700 ms or below 200 ms (Exp. 1a: 517/10620 = ~5%; Exp. 1b: 524/ 27720 = ~2%), and trials that 
deviated from their condition’s mean by at least 2 standard deviations in their mean reaction time (Exp. 1a: 
451/10620 = ~4%; Exp.1b: 1134/ 27720 = ~4%). Total filtration rate was 13.5% of the raw data. Filtered responses 
were removed and not analyzed further. To statistically test our predictions, we used a one-way ANOVA and addi-
tional two-tailed between-subject t-tests, if not specified otherwise. Furthermore, to quantify the degree that the 
data supported the critical hypotheses (the null or the alternative), we also conducted non-directional Bayesian 
t-tests using JASP32 using the default Cauchy prior (width = 0.707) for all critical comparisons and report the 
Bayes Factor (BF). For better estimation of the parameters we present the analyses on a pooled data from both 
Exp. 1a and 1b (see Fig. 2 and Supplemental Materials for separate analyses for the individual experiments).

As a behavioral proxy for the speed of response selection, we analyzed participants’ reaction times (RT3–7,15,16). 
A one-way ANOVA with Feedback type as a between-participant factor with six levels on participants’ mean reac-
tion time was statistically significant [F(5, 201) = 4.24, Root MS = 35.35, p < 0.01]. Next, we tested whether, when 
monetary gains are not expected, reaction time would be sensitive to response-effectiveness (operationalized as 
an immediate response-contingent effect). Critically, reaction times were significantly shorter in the Negligible 
monetary no-gain (M = 451, SD = 31) and (only in a one-tailed comparison) in the Substantial monetary no-gain 
conditions (M = 458, SD = 23), compared to the No-effect condition (M = 474, SD = 43) [t64 = 2.29, p = 0.02, 
BF10 = 2.3 (inconclusive), CI95 (3, 43), d = 0.61] [one tailed t66 = 1.73, p = 0.04, BF10 = 1.7 (inconclusive), CI95 
(−2, 34), d = 0.46], correspondingly; and there was no significant difference between the Negligible monetary 
no-gain and the Substantial monetary no-gain conditions [t48 = 0.91, p = 0.36, BF10 = 0.4 (near substantial sup-
port for the null), CI95 (−8, 22), d = 0.25]. In addition, replicating previous findings12,14,23, RT was robustly shorter 
in the Effect (M = 440, SD = 33) compared to the No-effect condition [t66 = 3.41, p < 0.01, BF10 = 13.39 (conclu-
sive), CI95 (14, 53), d = 0.88]. These findings are consistent only with the influence of pure response-effectiveness 
on the speed of response selection.

When participants expected to gain the money, it seemed that RT tended to be shorter in the Substantial mon-
etary gain condition (M = 447, SD = 31) compared to the Negligible monetary gain (M = 462, SD = 39) condition 
[t87 = 2.06, p = 0.04, BF10 = 1.4 (inconclusive), CI95 (0.54, 30), d = 0.43].

Thus, the findings from both Experiments 1a and 1b demonstrate once again the robustness of the effect of 
pure effectiveness feedback on the speed of response selection. However, given the inconclusive Bayes Factors (0.3 
< BF < 3) and crucially, the opposite conclusion stemming from the pattern observed in Exp.1a and Exp.1b for 
this contrast, we are unable to conclude on the basis of the first two experiments alone whether RT is sensitive to 
the monetary value of the outcome [see Supplemental Materials for analyses of the individual experiments and for 
further exploration of the data from Exp. 1b (which was motivated by our prior, not sufficiently thought out and 
naive belief that there should be an effect of monetary value cum reward on RT). Specifically, we analyzed only 

Figure 2. Experiments 1a-3: The impact of monetary value on the speed of response-selection. (a): Experiment 
1a. (b): Experiment 1b. (c): Experiment 2a. (d): Experiment 2b. (e): Experiment 3. (f): all five experiments 
combined. Error bars depict 95% confidence intervals.
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Hebrew native speaker participants who reported to believe they would receive the monetary gain. Notably, this 
exploration ultimately failed to yield a reliable effect of monetary value on RT)].

Experiments 2a and 2b: The influence of monetary value on response selection when pure 
effectiveness-feedback is provided: a replication. Experiment 2a and 2b were conducted to fur-
ther investigate whether and how would both monetary value and response-effectiveness influence the speed 
of response selection using the same task as in Exp. 1, but with only the three critical conditions (Substantial 
monetary gain, Negligible monetary gain and No-effect conditions). Furthermore, Experiments 2a and 2b were 
conducted at different academic institutions (a research university and a college) to increase the generalizability 
of the results. In addition, the experimenter verbally emphasized to the participants that they will receive a real 
monetary reward proportional to the sum of coins they would gain in the task. This minimized any ambiguity that 
may have existed regarding the actual compensation policy.

Before analyzing the data, the following filter procedure was applied: participants with less than 85% correct 
responses (Exp. 2a: one participant, Exp.2b: 2 participants), incorrect responses (Exp. 2a: 896/17100 = ~5%; Exp. 
2b: 384/8100 = ~5%), responses that were either above 700 ms or below 200 ms (Exp. 2a: 727/17100 = ~4%; Exp. 
2b: 681/8100 = ~8%), and trials that deviated from their condition’s mean RT by at least 2 standard deviations 
(Exp. 2a: 555/17100 = ~3%; Exp. 2b: 259/8100 = ~3%). Total filtration rate was 16% of the raw data. Filtered 
responses were removed and not analyzed further. For better estimation of the parameters we present the analyses 
on pooled data from both Exp. 2a and 2b. All tests were two-tailed (see Fig. 2 and Supplemental Materials for a 
separate analysis for each experiment).

Similar to the former experiments, evidence for no difference in participants’ RT was found between the 
Substantial (M = 506, SD = 41) and Negligible (M = 508, SD = 39) monetary gain conditions [t(121)=0.31, 
p = 0.75, BF10 = 0.20 (conclusive), CI95%(−12, 16), d = 0.04]. In addition, RT in both Substantial [t(71)=2.90, 
p < 0.01, BF10 = 8.23 (conclusive), CI95%(12, 68), d = 0.77] and Negligible [t(74)=3.17, p < 0.01, BF10 = 15.98 
(conclusive), CI95 (16, 70), d = 0.82] monetary conditions were significantly slower than the No-effect condition 
(M = 465, SD = 63).

A post-hoc exploration of this unpredicted pattern revealed a speed-accuracy tradeoff in Exp. 2a in the 
Substantial monetary gain condition (r = 0.46, p < 0.01), but not in the Negligible monetary gain condition 
(r = −0.02, p = 0.87) and in Exp. 2b in both monetary gain conditions (Substantial: r = 0.55, p < 0.01; Negligible: 
r = 0.81, p < 0.01; No-effect: r = 0.31, p = 0.29). Following these findings, we returned to explore whether a 
speed-accuracy tradeoff also existed in the 2 previous experiments and found an inconsistent pattern between 
Exp. 2a and 2b and between Exp.1a (Substantial: r = 0.38, p = 0.09; Negligible: r = −0.46, p = 0.03; No-effect: 
r = 0.13, p = 0.61) and Exp. 1b (Substantial: r = −0.24, p = 0.22; Negligible: r = 0.13, p = 0.54; Effect: r = 0.01, 
p = 0.93; No-effect: r = 0.32, p = 0.11).

Although the pattern does not explain why RT did not differ between the Substantial and the Negligible mon-
etary conditions, it does suggest that speed-accuracy tradeoff may occur in conditions in which an outcome (vs a 
‘pure’ effectiveness) is available and hence, that outcomes may activate different (more ‘controlled’ or ‘strategic’) 
processes than when only pure effectiveness is involved2,3 This is consistent with reward being able to influence 
the ‘high’ levels of action selection – up to and including the generation of an inverse model. A methodological 
note, it only makes sense to use a measure that combines response time and proportion correct when they are 
assumed to tap into the same processes in a specific context33 – an assumption we are not comfortable to adopt 
at this stage.

To better control for a speed-accuracy tradeoff, we conducted Experiment 3 in which we used a different 
task where participants choose freely and randomly their response on each trial4. Importantly, the task strongly 
suggests that no correct response exists and hence enables us to examine RT differences as a function of varying 
monetary values by minimizing speed-accuracy tradeoff.

Experiment 3: The influence of monetary value on responding when pure effectiveness-feedback  
is provided: a free-choice task. To minimize the threat that a speed-accuracy tradeoff may contaminate 
or otherwise mask the facilitating effect of monetary gain on the speed of response selection, we used a modified 
version of the Effect-Motivation Free-Choice task4. In the task, participants are instructed to randomly select one 
of four possible responses whenever a cue appears at the center of the screen. Since there is no requirement for (or 
even a definition of what would count as) a correct response in this task, there is no or at least, substantially less 
incentive for trading off speed for accuracy– increasing the probability of detecting an effect of monetary value on 
the speed of response-selection, if such an effect exists.

Before analyzing the data, the following filters were applied: missing trials (188/12060 = 1%), responses that 
were either above 700 ms or below 200 ms (2073/12060 = ~17%) and trials that deviated from their condition’s 
mean RT by at least 2 standard deviations (582/12060 = ~5%). Total filtration rate was 23% of raw data. Filtered 
responses were removed and not analyzed further. All tests were two tailed.

Again, evidence for no difference in participants’ RT was found between the Substantial (M = 303, SD = 32) 
and Negligible (M = 303, SD = 26) monetary gain conditions [t(39)=0.03, p = 0.97, BF10 = 0.30 (conclusive), 
CI95(18, −18), d = 0.01; see Fig. 2e]. In addition, RT was only nominally shorter in both the Negligible [t(46) 
= 1.64, p = 0.10, BF10 = 0.85 (inconclusive), CI95(−3, 31), d = 0.48] and the Substantial [t(43) = 1.42, p = 0.16, 
BF10 = 0.67 (inconclusive), CI95(−5, 33), d = 0.43] monetary gain conditions compared to the No-effect condition 
(M = 317, SD = 33). The combined monetary conditions were significantly faster than the No-effect condition, 
but only in a one-tailed test [one-tailed t(65) = 1.85, p = 0.03, BF10 = 2.07 (inconclusive), CI95(−1, 29), d = 0.45] 
and the raw effect size was smaller than previously observed for ‘pure’ effectiveness (which was ~25 ms).
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Analyzing the effect of monetary value on the speed of response-selection on pooled data from all five experiments.  
Given the variation between studies and filtration rates, to get a better handle on whether the speed of response 
selection is sensitive to the response’s value, we conducted the following analyses on the pooled data from all five 
experiments. Specifically, we regressed RT on monetary value (Substantial vs. Negligible) while controlling the 
variability explained by the individual experiments (dfmodel = 2, dfresidual = 250, Root MSE = 72.62, R2 = 0.19). We 
found that the monetary value of action’s outcome did not predict RT [p = 0.26, β = 0.06, CI95(−7, 28); see also 
Fig. 2f]. Importantly, a Bayesian analysis provides conclusive support for the null (BF01 = 3.93). Thus, the full pat-
tern of findings leads us to conclude that the post inverse model (action selection) stages of a response selection 
are insensitive to the monetary value of the outcome while being responsive to a response’s pure effectiveness.

Experiment 4: The influence of monetary value on response selection both with and without 
pure effectiveness-feedback. Experiment 4 was conducted to test whether this pattern replicates and 
address two potential limitations of Experiments 1–3 (We are deeply grateful for an anonymous reviewer for pro-
posing this experiment). Specifically, in all previous experiments monetary gain was always combined with pure 
effectiveness-feedback (an action-effect) which may have overshadowed any potential effect of monetary gain on 
the speed of response-selection (due to, for example, a ceiling effect of speed). In addition, the monetary value 
in the Negligible monetary conditions (1 Agora coin) is now out of circulation and perhaps its monetary value 
is ambiguous to some of the participants, resulting in relatively large individual differences in the represented 
value of the coin. In Experiment 4, we addressed both issues by examining the sensitivity of the speed of response 
selection to different monetary values both with and without pure effectiveness feedback (a response-contingent 
effect). In addition, for the Negligible monetary condition – instead of 1 Agora coins, we used a 10 Agorot coin as 
negligible monetary reward; which is at the time of running this study, the lowest value Israeli coin in circulation 
(~0.03$; see Table 1 for the experimental design).

Based on the findings above, we predicted that RT in this task will be sensitive to a response’s effectiveness but 
not to the monetary value expected from executing it (This experiment was pre-registered: https://osf.io/v8gxj/).

Before analyzing the data we applied the same filtering procedure as in previous experiments using this task 
in the following order: participants with less than 85% correct responses (7 participants), incorrect responses 
(1697/34200 = ~5%), responses that were either above 700 ms or below 200 ms (576/34200 = ~2%), and tri-
als that deviated from their condition’s mean by at least 2 standard deviations in their mean reaction time 
(1269/34200 = ~4%). Total filtration rate was 17% of raw data. Filtered responses were removed and not analyzed 
further. All tests were two-tailed.

First, in condition blocks with monetary gain and without pure effectiveness-feedback, RT was not differ-
ent between the Negligible (M = 437, SD = 39) and the Substantial (M = 433, SD = 41) monetary conditions 
[t56 = 0.44, p = 0.65, CI95(−16, 26), d = 0.09; See Fig. 3a]. A Bayesian non-directional t-test provided a conclusive 
support for the null (BF01 = 3.45). In condition blocks with pure effectiveness feedback there was also no signif-
icant difference in RT between the Negligible (M = 413, SD = 30) and the Substantial (M = 411, SD = 38) mon-
etary conditions [t56 = 0.18, p = 0.85, CI95(−16, 19), d = 0.05; See Fig. 3b]. Here too, a Bayesian non-directional 
t-test provided a conclusive support for the null (BF01 = 3.7).

Next, we examined the effect of response-effectiveness on RT for both Substantial and Negligible monetary 
values. A paired-sample t-test revealed that for both Substantial [t29 = 4.75, p < 0.01, CI95(12, 30), d = 0.86; See 
Fig. 3c] and Negligible [t24 = 4.18, p < 0.01, CI95(12, 36), d = 0.79; See Fig. 3d] monetary values, RT was shorter 
when pure effectiveness feedback was given (Substantial: M = 411, SD = 37; Negligible: M = 413, SD = 30) 
compared to condition blocks without pure effectiveness feedback (Substantial: M = 433, SD = 41; Negligible: 
M = 437, SD = 39). A Bayesian non-directional paired-sample t-test provided strong support for the effect of 
response-effectiveness on RT in both Substantial (BF10 = 479.6) and Negligible (BF10 = 107.2) monetary con-
ditions. Note that this, again, shows that it is not the case that the current task is merely insensitive to capture 
differences in response times. Rather, it is monetary value that is again found to be ineffective at generating such 
differences.

Finally, there was no difference in RT between the No-effect with (M = 432, SD = 38) and without (M = 428, 
SD = 40) non-contingent monetary bonus [t29 = 0.98, p = 0.33, BF10 = 0.30 (conclusive), CI95, (−3, 10), d = 0.17].

Discussion
The recent evidence for the motivating impact of response-effectiveness2–7 and the extensive literature demon-
strating motivational effects of attaining and observing desired outcomes on responding (e.g.13,14,), raise the fun-
damental question of whether these reinforcers act through the same routes.

Previous work documented that the magnitude of the expected reward seemingly affected the speed of 
responding on the scale of seconds (e.g., the Crespi effect34). Here we measured human participants’ response 
speed at the millisecond (ms) scale which is more appropriate for detecting modulation of motor processing 
stages23,35.

Between-subject Conditions Within-subject block Within-subject block

Substantial Monetary Gain With pure effectiveness feedback Without pure effectiveness feedback

Negligible Monetary Gain With pure effectiveness feedback Without pure effectiveness feedback

No-Effect With monetary bonus Without monetary bonus

Table 1. Experiment 4 – Experimental design.
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While we naively expected that pure effectiveness and an outcome’s value would additively facilitate response 
selection, this was not supported by the data. Specifically, we repeatedly found that pure response-effectiveness 
(operationalized as the existence of an immediate action-contingent perceptual effect), but not its expected value 
(operationalized as the response-contingent monetary value), influences the speed of response selection.

Different strokes for different folks: selection of actions vs selection and/or modulation of 
lower-level motor programs’ parameters. Ironically, the pattern we found (but not our initial predic-
tion) is consistent with our own working-model – the Control-based response selection (CBRS) framework5,6,23. 
According to this framework, the levels following the translation of a desired end point of a movement to motor 
programs (using an inverse model) are detached from the value of such desired end states (c.f.36,) and are presum-
ably monitored and modulated through multiple comparators.

At these levels, modulations operates ‘blindly’ in the following senses: (1) it is sensitive only to parameters that 
are computed by or otherwise available to these low-level post-action selection parts of the motor-system such as: 
learned action-effect conditional probability, the temporal contiguity of the effect with the action and the spatial 
predictability of the effects3–7 and (2) it is seemingly ‘blind’ to cognitive expectations about the task such as the 
value of the outcome37,38; but see39. Note that the ability of such post action-selection stages (and their relevant 
parameters) to modulate further action goals (beyond motor specifications) is not fully known; yet, it is conceiv-
able that post action selection stages are limited and are dependent on the initial generation of an inverse model 
(i.e. motor goal-based action selection). As previous and the current findings imply, the motor goal generated by 
an inverse model includes no representation of outcome values.

It is worth noting that such post action-selection stages are not akin to the so called ‘dorsal route’ of action 
selection40, as (at least part of) such route was demonstrated to circumvents value expectancies41,42.

While previous studies have seemingly documented the effect of desired (or ‘positively valenced’) outcomes 
on response speed (e.g.43,), it is not clear which stage of the response-selection (e.g., the selection of the effector or 
specific response parameters) was affected by the outcome’s value. In fact, there are previous demonstrations sug-
gesting that monetary reward has a differential influence on different stages of response selection. For instance, 
Mir et al.44, showed that monetary reward facilitated RT only when participants were able to plan their response 
in full (i.e. when they knew in advance which response to prepare). Similar to the current tasks, when participants 

Figure 3. Experiment 4 - The impact of pure effectiveness-feedback and monetary value on the speed of 
response-selection. (a) presents the difference in mean RT between monetary values when pure effectiveness-
feedback is not provided. Error bars depict 95% confidence intervals. (b) presents the difference in mean RT 
between monetary values when pure effectiveness-feedback is provided. Error bars depict 95% confidence 
intervals. (c) present differences in RT for each participant in the Substantial Monetary Gain condition, in 
blocks with and without pure effectiveness-feedback. (d) presents differences in RT for each participant in the 
Negligible Monetary Gain condition, in blocks with and without pure effectiveness-feedback.
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were not able to prepare their responses in advance (the uCRT condition in Mir et al.44,), RT was not influenced 
by the expected reward.

The current work fits well with Mir et al.s’44, findings and strongly suggests that expected outcome value 
(as far as it is captured by the response’s monetary outcome) has no influence over post action selection stages, 
and regardless of whether expected outcome value was manipulated within44 or between-subjects (the current 
study). Note that beyond further establishing the above conclusion, the current study extends Mir et al.44, find-
ings by empirically dissociating between the effects of the two different types of rewards on advanced stages of 
response-selection.

Note that the CBRS framework allows for an expected outcome value to modulate response speed (e.g., 
through the decision how quickly to perform an action, through the decision which course of action to perform). 
These of course involve top-down processes regarding the cost and benefit of performing for example a quick 
response (e.g., response vigor18,41,45,46). Crucially, these types of decisions are resolved by the generation of an 
inverse model - the point of which such considerations apparently lack influence.

Importantly, RT in the current task was previously shown to be unassociated with participants’ perceived 
effort and perceived speed4,5 and, in the current study, with the outcome value of the response. Conversely, 
response-effectiveness facilitated RT even after statistically controlling for participants’ attentional engagement 
in the task4. Future studies may modify the task in a way that encourages vigorous responding while examining 
the distinct contribution of both outcome value and pure response effectiveness on overall RT; for example, by 
using distinct response cues for different monetary value trials, letting participants affect RT through repeated 
selection of an action, or using a challenging short response-window linked to the trial’s outcome (without giving 
a perceptual effect following a response). Our CBRS-based prediction for the latter experiment would be that 
participants will tradeoff speed for accuracy – as an intentional attempt to maximize reward. Therefore, partici-
pants in the high-value condition may be as fast as their counterparts in the pure effect condition but will make 
significantly more errors.

Implications and future directions. Two types of being effective – a mechanistic implementation. The 
discovery that different reinforcers (action-effectiveness and outcome) may affect responding through different 
levels of response selection can be also understood as facilitating two distinct aspects of adaptive behavior namely, 
optimal motor-control and goal pursuit. More specifically, we suggest that rather than these two dimensions of 
‘being effective’47 being simply integrated, for example at the level of the reward signal, they modulate different 
stages of the response. Mechanistically, the implementation of this idea requires little modification of existing 
ideas. The two types of information that are required to credit a motor plan for ‘outcome effectiveness’ (attain-
ing a desired outcome) and for ‘pure (control) effectiveness’ are already separated in both the optimal control 
models of motor control48 and their offshoot – the comparator model27,28. The functions of the inverse model, as 
described above is separated from the working of the comparators: comparator 1 (comparison between goal and 
current state) and 3 (comparison between efference copy-driven sensory prediction and reafferent stimulation), 
correspondingly. Previous versions of the CBRS framework already include an element that reinforces purely 
effective motor-plans (i.e. regardless of outcomes) as well as the differentiation between representations of actions 
and motor responses (for the latest version6); in line with current frameworks of action selection (e.g.49,). Thus, 
the only modification required by the current data would be to explicitly state a link between the working of the 
inverse model and selection at the abstract (action) level (e.g.50).

Competing frameworks. Proponents of a different theoretical framework, the ideomotor theory (for a 
review51) and its modern version namely, the Theory of event coding (TEC52), have also proposed to differentiate 
between control (action-effect congruency) and ‘valenced’ aspects of an action53; see also54,). Specifically, Eder 
et al.55, suggested that while the representation of the expected action-contingent effect is enough to activate the 
motor code associated with the effect, an additional process may inhibit or facilitate the execution of the action 
based on its expected valence.

Notably and similar to our results, they too failed to find a facilitation effect of actions associated with positive 
versus negative outcomes. Moreover, participants’ response speed was facilitated when their action produced an 
effect, but only when the effect entailed the same valence (positive or negative) expected given a previous acqui-
sition phase (see also53).

While the model proposed by Eder et al.55 suggests that the influence of action-control and expected valence 
on action selection is additive, as stipulated above; in the CRBS framework, levels of response-selection are dif-
ferentiated to suggest that selection at its lower levels is insensitive to outcome expectancies and beliefs (such as one’s 
expectations regarding the valence of action’s outcome). As stated above, the CBRS framework allows for an action’s 
outcome-value to have a strong influence on choosing between alternative optional actions (for example) but not 
on the exact manner of its execution. This is the pattern that was supported by the current data.

Another framework that is relevant to the current findings focuses on the incentive salience of the conditional 
stimulus (here the response-cue) which may reinforce behavior on its own, reflecting the ‘wanting’ aspects of the 
reward-system56. Regarding the current findings, it is theoretically possible that cues signaling an opportunity to 
exercise control (as generating action-effectiveness feedback; compared to no-feedback) have stronger incentive 
salience. However, if this was the key mechanism, we would expect it to also operate in the case of the monetary 
value of the action-effect. But the results do not support this possibility. As elaborated above, according to our 
CBRS framework, such mechanism operates at a higher level of action-selection.

Clearly, further work is necessary to fully elucidate the computational and neural mechanisms underlying the 
influence of action-effectiveness on response selection and the potential combined influence of pure effectiveness 
and outcome values on action selection (e.g., the selection of “what/when/whether to do”57; see also58); but given 
our previous findings showing a connection between abstract knowledge and high-level selection of actions4 it is 
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likely that (in humans at least) abstract knowledge of the relationship between rewards and actions, are necessary 
for the objective rewards to promote intentional actions59,60.

Finally, these findings call for developmental work, as the properties of the relatively unexplored type of moti-
vator — control-effectiveness —its tight connection to the motor system and its apparent insensitivity to pursuing 
desired outcomes, suggest that it may be important for very early stages of motor control and, potentially action 
learning in the developing child61,62. Learning own-action contingencies in such a manner may also serve as a 
rudimentary, motor system-based, form of causal learning of the affordances of one’s both internal and external 
environment63,64.

Methods
Experiment 1a and 1b: the influence of monetary value on response selection when pure effec-
tiveness-feedback is provided. Participants. Experiment 1a. Fifty-nine undergraduate students [41 
females, Age (M = 25.35, SD = 3.8)] from the University of Haifa participated in the experiment in exchange for 
course credit or 20 New Israeli Shekels (~$5.5). Experiment 1b. One hundred and fifty-four undergraduate stu-
dents at the University of Haifa who did not participate in Experiment 1a were recruited from the same pool [99 
females, Age (M = 24.37, SD = 4.28)] in exchange for course credit or 20 Shekels (~$5.5). Participants who were 
assigned to conditions in which they could earn additional payment, were informed about their assignment only 
when receiving the task’s instructions. All participants in the following experiments signed informed consent. The 
study was approved by the departmental ethics committee of the University of Haifa (Israel) and carried out in 
accordance with the approved guidelines.

Stimuli and procedure. We used a modified version of the Effect Motivation task2–4, the cited work used par-
ticipants’ reaction times as an index of the speed of response selection. Participants sat in individual rooms with 
dimmed lighting, in front of a computer screen and placed their fingers on four designated response keys (‘S’, ‘D’, 
‘H’ and ‘J’) on a standard PC keyboard. A trial began with the presentation of a colored circle (a target) in one of 
four possible horizontal locations at the top of the screen; on appearance, the circle rapidly descended in a vertical 
downward path. Participants were instructed to appropriately ‘stamp’ the circles as they appear on the screen by 
pressing the relevant spatially coded key.

In Experiment 1a, participants were randomly assigned to one of three between-subject conditions: a 
Substantial Monetary Gain condition in which each appropriate response immediately ‘affected’ the target circle 
that changed into an Israeli Shekel coin (~0.3 US Dollars) for 200 ms, followed by its disappearance until a new 
trial began; a Negligible Monetary Gain condition in which the target circle-cue changed into an Israeli coin called 
an Agora (0.003 US Dollars or ~0.3 of a US cent) which, although familiar to the participants, is now out of cir-
culation; and a No-Effect/No-Gain condition in which responses changed nothing on the screen and the target 
circle continued its descent to the bottom of the game window. Crucially, in the monetary effect conditions, par-
ticipants were explicitly told that at the end of the experiment they would receive the sum value of the coins that 
had appeared on the screen during the task.

In Experiment 1b, we used three additional conditions (six conditions overall): a Substantial Monetary 
No-Gain condition in which the monetary gain was not mentioned in the instructions and thus, participants 
did not expect to actually receive the many Israeli Shekel coins that appeared, conditional on their responses; a 
Negligible Monetary No-Gain condition that was identical to the Negligible Monetary Gain condition except that 
here too, the possibility of an additional monetary gain was not mentioned to the participants; thus, participants 
in this condition did not expect to actually receive the multiple (worthless) Agora coins that appeared, conditional 
on their responses; for comparison purposes, we also added a (standard) Effect condition in which the target-cue 
changed its color to white for 200 ms immediately after participants’ (correct) response which was experienced 
as a brief white ‘flash’.

In both experiments, from the appearance of the circle, participants had 1300 ms to respond (until the circle 
disappeared at the bottom of the screen). A fixed time interval of 2100 ms was maintained between one stim-
ulus’ onset (the appearance of a circle) to another’s (SOA). This held regardless of participants’ reaction time. 
Participants completed 10 practice trials followed by 180 experimental trials.

After completing the experiment, participants completed a self-report questionnaire about their demographic 
details and in Exp. 1b they also reported whether they believed they would receive the monetary reward they 
have gained at the end of the experiment (see Supplemental Materials for the results of participants’ explicit belief 
which varied). Finally, participants were thanked and were given their compensation for their time and effort plus 
the additional sum they had gained (indicated below in parenthesis) according to their assigned condition [No 
effect, Substantial Monetary No-Gain and Negligible Monetary No-Gain conditions: 20 NIS (0), Negligible mon-
etary gain condition 22 NIS (55 cents); and Substantial monetary gain condition: 180 NIS (~44$) in Experiment 
1a and 90 NIS (~19$) in Experiment 1b].

Experiments 2a and 2b: The influence of monetary value on response selection when pure 
effectiveness-feedback is provided: a replication. Participants. In Experiment 2a, ninety-five stu-
dents [71 females, Age (M = 24.89, SD = 2.04)] from Tel-Hai Academic College were recruited to participate 
in the study in exchange for 20 NIS (~5$) or course credit. In Experiment 2b, 45 students [28 females, Age 
(M = 23.15, SD = 3.19)] from both The University of Haifa and the Technion Institution were recruited to partic-
ipate in the study in exchange for 20 NIS (~5$) or course credit.

Stimuli and procedure. In Experiment 2, we used the same task as in Experiments 1 [Because of a settings error, 
in Exp. 2a the speed of the circles’ descent was set to 5 pixels per frame and was presented on a screen with a 
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refresh rate of 60 Hertz. This parameter was different from the other experiments in which the speed was set to 8 
on a 60 Hertz monitor (or to 4 when the refresh rate of the screen was 120 Hertz). This issue resulted in a slightly 
slower descent of the circles compared to the other experiments but, crucially was identical for all conditions of 
this experiment]. In Experiment 2a, participants were randomly assigned to one of two between-subject condi-
tions: a Substantial Monetary Gain condition and a Negligible Monetary Gain condition as in Experiment 1. After 
completing the experimental task, a computerized self-report questionnaire probed participants’ demographics 
and the degree they believed they would receive the sum amount of coins that appeared on the screen during the 
task (see Supplemental Materials for the results of participants’ explicit belief). In Experiment 2b, participants 
were randomly assigned to one of three conditions: one of the two monetary gain conditions as in Exp.2a or to a 
No-effect condition in which no perceptual effect appeared after their response, exactly as in Exp.1b.

At the end of the experiments, participants were thanked and were given their compensation for their time 
and effort plus an additional sum (indicated below in parenthesis) according to their assigned condition [No 
effect: 20 NIS (0), Negligible monetary gain condition 22 NIS (55 cents); and Substantial monetary gain condi-
tion: 90 NIS (~19$)]

First, we were interested to examine whether the shorter reaction time in the Substantial Monetary gain com-
pared to the Negligible monetary gain that was found in Exp. 1a replicates. Second, we were interested to examine 
whether the speed of response-selection is shorter in the Negligible monetary gain compared to the No-effect 
condition.

Experiments 3: The influence of monetary value on responding when pure effectiveness-feedback  
is provided: a free-choice task. Participants. Sixty-seven undergraduate students [52 females, Age 
(M = 24.71, SD = 4.73)] from the University of Haifa were recruited to participate in the experiment in exchange 
for course credit or 20 New Israeli Shekels (~$5.5).

Stimuli and procedure. The Effect Motivation Free Choice (EMFC) task. In the published version of the EMFC 
task4 each trial begins with the appearance of a red circle (response cue, 53 pixels in diameter) at the center of 
the game window (dimensions: 413 ×468 pixels). Participants are instructed to voluntarily press one of four 
PC-keyboard keys (‘S’, ‘D’, ‘H’, ‘J’) each time the red circle appears. Participants are further instructed to take care 
that the sequence of responses they generate will be as random as possible (i.e., “to avoid any fixed or planned 
response sequences”). Crucially, whether a response generated an effect was uninformative regarding the attain-
ment of this task-goal. From trial onset (the appearance of the red circle cue), participants had 700 ms to freely 
select and press one of the four keys. Regardless of response speed, SOA (the time that elapsed between the 
appearance of one response cue to the appearance of the next) was kept constant at 2000 ms. The task included 10 
practice trials and 180 experimental trials.

Exactly as in the previous experiments, participants were randomly assigned to one of three between-subject 
conditions: a Substantial Monetary Gain condition; a Negligible Monetary Gain condition and a No-Effect/No-Gain 
condition. Crucially, in the two monetary gain conditions, the experimenter further emphasized to the partici-
pants that at the end of the experiment they will receive a proportional payment to the sum value of the coins that 
will appear on the screen during the task (Again, as instructions make clear that any of the 4 possible responses 
would lead to the effect/outcome – trading speed for accuracy is unnecessary).

Experiment 4: The influence of monetary value on response selection both with and without pure  
effectiveness-feedback. Participants. Ninety-five undergraduate students [71 females, Age (M = 24.22, 
SD = 4.07)] from the University of Haifa were invited to participate in the experiment in exchange for course 
credit or 20 New Israeli Shekels (~$5.5).

Stimuli and procedure. We used the same Effect-Motivation task as in Exp. 1 and 2 with necessary modifications. 
Participants were randomly assigned to one of three between-subject conditions of Monetary value (Substantial, 
Negligible and No-effect conditions) as in the previous experiments. Participants in the two monetary condi-
tions were in fact further assigned to two within-subject conditions of Response-effectiveness (with and without 
a response-contingent perceptual effect [whether the coin changed or not, according to their monetary gain 
condition]). The condition was blocked and was administered in a counterbalanced order across participants 
(see Table 1 and Fig. 1). Apart from using the 10 Agorot (vs Agora) coin, the Monetary + Response effective-
ness condition blocks were identical to the previous experiments. In both blocks, participants received identi-
cal instructions; namely, that their goal was to ‘stamp’ as many objects as possible by pressing the appropriate, 
spatially coded, key on the keyboard whenever a cue appears and that they will receive additional pay which is 
proportional to the sum value of coins that they will gain during the task. Emphasis was given to the value of every 
response stressing that each appropriate response was worth 10 Agorot (in the Negligible monetary condition) or 
1 Shekel (in the Substantial monetary condition) in (proportional) real money which they will receive at the end 
of the experiment. Crucially, for the Substantial and Negligible without pure effectiveness-feedback condition, no 
perceptual effect occurred after participants’ response.

Participants assigned to the No-effect condition also performed two blocks in a counterbalanced order (see 
Table 1). The No-effect without bonus condition block was identical to the No-effect condition in the previous 
experiments. In the No-effect with bonus condition block, just before beginning to work on this block, par-
ticipants were informed that they will receive an extra 10 shekels (~3$) bonus for completing this part of the 
experiment. This monetary bonus was offered to participants regardless of their performance to explore whether 
non-contingent monetary bonus will increase response speed through mechanisms other than response selection 
or execution (e.g., by increasing general attentional resources to the task65).
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After completing the experiment, participants received their compensation for their time and effort plus the 
additional amounts of money (indicated below in parenthesis) according to their assigned condition [No effect 
condition: extra 10 NIS (3$), Negligible monetary condition: extra 20 NIS (~6$); and Substantial monetary con-
dition 20 NIS (~ 6$)].

Data availability
The datasets generated during the current study are available from the corresponding author on reasonable 
request.

Received: 9 October 2017; Accepted: 10 February 2020;
Published: xx xx xxxx

References
 1. Thorndike, E. L. The Law of Effect. Am. J. Psychol. 39, 212 (1927).
 2. Skinner, B. F. Science and human behavior. (New York: Macmillan, 1953)
 3. Eitam, B., Kennedy, P. M. & Higgins, E. T. Motivation from control. Exp. brain Res. 229, 475–484 (2013).
 4. Karsh, N. & Eitam, B. I control therefore I do: Judgments of agency influence action selection. Cognition 138, 122–131 (2015a).
 5. Karsh, N., Eitam, B., Mark, I. & Higgins, E. T. Bootstrapping agency: How control-relevant information affects motivation. J. Exp. 

Psychol. Gen. 145, 1333–1350 (2016).
 6. Hemed, E., Bakbani-Elkayam, S., Teodorescu, A. R., Yona, L. & Eitam, B. Evaluation of an Action’s Effectiveness by the Motor System 

in a Dynamic Environment. J. Exp. Psychol. Gen. (2019).
 7. Bakbani-Elkayam, S., Dolev-Amit, T., Hemed, E., Zilcha, S. & Eitam, B. Intact Motivation in Major Depression: Normative 

Responsiveness to Action-Effectiveness Demonstrated in a Clinical Sample. Preprint at https://papers.ssrn.com/sol3/papers.
cfm?abstract_id=3472084 (2019).

 8. Hackenberg, T. D. Token reinforcment: A Review and analysis. J. Exp. Anal. Behav. 91, 257–286 (2009).
 9. Whitton, A. E., Treadway, M. T. & Pizzagalli, D. A. Reward processing dysfunction in major depression, bipolar disorder and 

schizophrenia. Current Opinion in Psychiatry 28, 7–12 (2015).
 10. Cisek, P. Cortical mechanisms of action selection: the affordance competition hypothesis. Philos. Trans. R. Soc. B Biol. Sci. 362, 

1585–1599 (2007).
 11. Redgrave, P., Prescott, T. J. & Gurney, K. The basal ganglia: a vertebrate solution to the selection problem? Neuroscience 89, 

1009–1023 (1999).
 12. O’Doherty, J. P. Reward representations and reward-related learning in the human brain: insights from neuroimaging. Curr. Opin. 

Neurobiol. 14, 769–776 (2004).
 13. Samejima, K. Representation of action-specific reward values in the striatum. Science 310, 1337–1340 (2005).
 14. Balleine, B. W., Delgado, M. R. & Hikosaka, O. The role of the dorsal striatum in reward and decision-making. J. Neurosci. 27, 

8161–8165 (2007).
 15. Brown, V. J. & Bowman, E. M. Discriminative cues indicating reward magnitude continue to determine reaction time of rats 

following lesions of the nucleus accumbens. Eur. J. Neurosci. 7, 2479–2485 (1995).
 16. Pullman, S. L., Watts, R. L., Juncos, J. L., Chase, T. N. & Sanes, J. N. Dopaminergic effects on simple and choice reaction time 

performance in Parkinson’s disease. Neurology 38, 249–54 (1988).
 17. Knutson, B., Adams, C. M., Fong, G. W. & Hommer, D. Anticipation of increasing monetary reward selectively recruits nucleus 

accumbens. J. Neurosci. 21, RC159 (2001).
 18. Manohar, S. G., Finzi, R. D., Drew, D. & Husain, M. Distinct motivational effects of contingent and noncontingent rewards. Psychol. 

Sci. 28, 1016–1026 (2017).
 19. Synofzik, M., Vosgerau, G. & Newen, A. Beyond the comparator model: A multifactorial two-step account of agency. Conscious. 

Cogn. 17, 219–239 (2008).
 20. Kruglanski, A.W. & Kopetz, C. The role of goal systems in self-regulation. Oxford handbook of human action, 350–367 (2009).
 21. Gläscher, J., Daw, N., Dayan, P. & O’Doherty, J. P. States versus rewards: Dissociable neural prediction error signals underlying 

model-based and model-free reinforcement learning. Neuron 66, 585–595 (2010).
 22. Miller, K. J., Ludvig, E. A., Pezzulo, G. & Shenhav, A. Realigning Models of Habitual and Goal-Directed Decision-Making. In Goal-

Directed Decision Making 407–428 (Elsevier, 2018).
 23. Karsh, N. & Eitam, B. Motivation from control. in The Sense of Agency 265–286 (Oxford University Press, 2015).
 24. Miall, R. C. & Wolpert, D. M. Forward models for physiological motor control. Neural Networks 9, 1265–1279 (1996).
 25. Wolpert, D. M., Diedrichsen, J. & Flanagan, J. R. Principles of sensorimotor learning. Nature Reviews Neuroscience 12, (2011).
 26. Wolpert, D. M., Ghahramani, Z. & Jordan, M. I. An internal model for sensorimotor integration. Science 269, 1880–1882 (1995).
 27. Blakemore, S. J., Frith, C. D. & Wolpert, D. M. Spatio-temporal prediction modulates the perception of self-produced stimuli. J. 

Cogn. Neurosci. 11, 551–9 (1999).
 28. Blakemore, S. J., Wolpert, D. & Frith, C. Why can’t you tickle yourself? Neuroreport 11, R11–6 (2000).
 29. Friston, K. What is optimal about motor control? Neuron 72, 488–498 (2011).
 30. Dogge, M., Custers, R. & Aarts, H. Moving Forward: On the Limits of Motor-Based Forward Models. Trends in Cognitive Sciences 

23, 743–753 (2019).
 31. Haggard, P. & Chambon, V. Sense of agency. Cur. Bio. 22, (2012).
 32. JASP Team. JASP (Version 0.7.1.8)[Computer software].
 33. Vandierendonck, A. A comparison of methods to combine speed and accuracy measures of performance: A rejoinder on the binning 

procedure. Behav. Res. Methods 49, 653–673 (2017).
 34. Crespi, L. P. Quantitative variation of incentive and performance in the white rat. Am. J. Psychol. 55, 467 (1942).
 35. Haggard, P. Conscious intention and motor cognition. Trends Cogn. Sci. 9, 290–295 (2005).
 36. Custers, R. & Aarts, H. The unconscious will: How the pursuit of goals operates outside of conscious awareness. Science 329, 47–50 

(2010).
 37. Aarts, H., Custers, R. & Marien, H. Priming and authorship ascription: When nonconscious goals turn into conscious experiences 

of self-agency. J. Pers. Soc. Psychol. 96, 967–979 (2009).
 38. Desantis, A., Hughes, G. & Waszak, F. Intentional binding is driven by the mere presence of an action and not by motor prediction. 

PLoS One 7, e29557 (2012).
 39. Kim, H. E., Parvin, D. E. & Ivry, R. B. The influence of task outcome on implicit motor learning. Elife 8, (2019).
 40. Goodale, M. A. & Milner, A. D. Separate visual pathways for perception and action. Trends in Neurosciences 15, 20–25 (1992).
 41. Haggard, P. Human volition: Towards a neuroscience of will. Nature Reviews Neuroscience 9, 934–946 (2008).
 42. Haggard, P. The Neurocognitive Bases of Human Volition. Annu. Rev. Psychol. 70, 9–28 (2019).
 43. Guitart-Masip, M., Beierholm, U. R., Dolan, R., Duzel, E. & Dayan, P. Vigor in the face of fluctuating rates of reward: An 

experimental examination. J. Cogn. Neurosci. 23, 3933–3938 (2011).

https://doi.org/10.1038/s41598-020-60385-9
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3472084
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3472084


1 2Scientific RepoRtS |         (2020) 10:3405  | https://doi.org/10.1038/s41598-020-60385-9

www.nature.com/scientificreportswww.nature.com/scientificreports/

 44. Mir, P. et al. Motivation and movement: the effect of monetary incentive on performance speed. Exp. Brain Res. 209, 551–559 (2011).
 45. Beierholm, U. et al. Dopamine modulates reward-related vigor. Neuropsychopharmacology 38, 1495–1503 (2013).
 46. Griffiths, B. & Beierholm, U. R. Opposing effects of reward and punishment on human vigor. Sci. Rep. 7, 42287 (2017).
 47. Higgins, E. T. Beyond pleasure and pain: How motivation works. (Oxford University Press, 2011).
 48. Todorov, E. Optimality principles in sensorimotor control. Nature Neuroscience 7, 907–915 (2004).
 49. Badre, D. Cognitive control, hierarchy, and the rostro–caudal organization of the frontal lobes. Trends Cogn. Sci. 12, 193–200 (2008).
 50. Numan, R. A Prefrontal-Hippocampal Comparator for Goal-Directed Behavior: The Intentional Self and Episodic Memory. Front. 

Behav. Neurosci. 9, 323 (2015).
 51. Shin, Y. K., Proctor, R. W. & Capaldi, E. J. A review of contemporary ideomotor theory. Psychol. Bull. 136, 943–974 (2010).
 52. Hommel, B., Müsseler, J., Aschersleben, G. & Prinz, W. The theory of event coding (TEC): A framework for perception and action 

planning. Behav. Brain Sci. 24, 849–878 (2001).
 53. Watson, P., Wiers, R. W., Hommel, B. & de Wit, S. Working for food you don’t desire. Cues interfere with goal-directed food-seeking. 

Appetite 79, 139–148 (2014).
 54. Hommel, B., Lippelt, D. P., Gurbuz, E. & Pfister, R. Contributions of expected sensory and affective action effects to action selection 

and performance: Evidence from forced- and free-choice tasks. Psychon. Bull. Rev. 24, 821–827 (2017).
 55. Eder, A. B., Rothermund, K., De Houwer, J. & Hommel, B. Directive and incentive functions of affective action consequences: an 

ideomotor approach. Psychol. Res. 79, 630–649 (2015).
 56. Berridge, K. C. & Robinson, T. E. What is the role of dopamine in reward: hedonic impact, reward learning, or incentive salience? 

Brain Res. Rev. 28, 309–369 (1998).
 57. Brass, M. & Haggard, P. The what, when, whether model of intentional action. Neurosci. 14, 319–325 (2008).
 58. Nafcha, O., Higgins, E. T. & Eitam, B. Control feedback as the motivational force behind habitual behavior. Prog. Brain Res. 229, 

49–68 (2016).
 59. Bandura, A. Self-efficacy: Toward a unifying theory of behavioral change. Psychol. Rev. 84, 191–215 (1977).
 60. De Houwer, J., Thomas, S. & Baeyens, F. Associative learning of likes and dislikes: a review of 25 years of research on human 

evaluative conditioning. Psychol. Bull. 127, 853–69 (2001).
 61. Zaadnoordijk, L., Otworowska, M., Kwisthout, J. & Hunnius, S. Can infants’ sense of agency be found in their behavior? Insights 

from babybot simulations of the mobile-paradigm. Cognition 181, 58–64 (2018).
 62. Watanabe, H. & Taga, G. General to specific development of movement patterns and memory for contingency between actions and 

events in young infants. Infant Behav. Dev. 29, 402–422 (2006).
 63. Hauf, P., Elsner, B. & Aschersleben, G. The role of action effects in infants? action control. Psychol. Res. 68, 115–125 (2004).
 64. Elsner, B. & Hommel, B. Effect anticipation and action control. J. Exp. Psychol. Hum. Percept. Perform. 27, 229–240 (2001).
 65. Della Libera, C. & Chelazzi, L. Learning to attend and to ignore is a matter of gains and losses. Psychol. Sci. 20, 778–784 (2009).

Acknowledgements
This research was supported by The Israel Science Foundation (ISF) grant number 339/16 and The Bi-national 
Science Foundation (BSF) grant number 2016299 to B.E. We recognize the support of the University of Haifa's 
Research Authority for publishing in impactful open-access journals.

Author contributions
K.N., H.E., N.O. and E.B. developed the study concept; K.N., H.E. and E.B. designed research; K.N., H.E. 
performed the research; K.N., H.E. and E.B. analyzed Data; K.N., H.E., N.O., E.S., C.R. and E.B. wrote the paper.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-60385-9.
Correspondence and requests for materials should be addressed to N.K.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-60385-9
https://doi.org/10.1038/s41598-020-60385-9
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The Differential Impact of a Response’s Effectiveness and its Monetary Value on Response-Selection
	Action effectiveness as a reinforcer. 
	Motivation and response selection. 
	The control-based response selection (CBRS) framework. 
	The Current Study
	Results
	Experiment 1a & 1b: The influence of monetary value on response selection when pure effectiveness-feedback is provided. 
	Experiments 2a and 2b: The influence of monetary value on response selection when pure effectiveness-feedback is provided:  ...
	Experiment 3: The influence of monetary value on responding when pure effectiveness-feedback is provided: a free-choice tas ...
	Analyzing the effect of monetary value on the speed of response-selection on pooled data from all five experiments. 

	Experiment 4: The influence of monetary value on response selection both with and without pure effectiveness-feedback. 

	Discussion
	Different strokes for different folks: selection of actions vs selection and/or modulation of lower-level motor programs’ p ...
	Implications and future directions. 
	Two types of being effective – a mechanistic implementation. 

	Competing frameworks. 

	Methods
	Experiment 1a and 1b: the influence of monetary value on response selection when pure effectiveness-feedback is provided. 
	Participants. 
	Stimuli and procedure. 

	Experiments 2a and 2b: The influence of monetary value on response selection when pure effectiveness-feedback is provided:  ...
	Participants. 
	Stimuli and procedure. 

	Experiments 3: The influence of monetary value on responding when pure effectiveness-feedback is provided: a free-choice ta ...
	Stimuli and procedure. 

	Experiment 4: The influence of monetary value on response selection both with and without pure effectiveness-feedback. 
	Participants. 
	Stimuli and procedure. 


	Acknowledgements
	Figure 1 An illustration of a trial in the Substantial Monetary Gain with pure response-effectiveness feedback condition.
	Figure 2 Experiments 1a-3: The impact of monetary value on the speed of response-selection.
	Figure 3 Experiment 4 - The impact of pure effectiveness-feedback and monetary value on the speed of response-selection.
	Table 1 Experiment 4 – Experimental design.




