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Mechanism for varying the relation between the sectors of Maxwell’s discs in the course of their rotation. 

Maxwell’s discs Maxwell’s discs with fixed relations of the sectors can be installed onto the inner disc of the 

apparatus while discs with sectors of diferent size are installed onto the outer of the two discs of the apparatus. The 

size of a sectors that can be read on a circular 3600-scale may be regulated in the course of the operation by means 

of a lever till colors in both discs are equalized. Rotation speed can be regulated with a rheostat. 

From the collection of the old scientific instruments curated by Laboratory for experimental psychology, Faculty of 

Philosophy, University of Belgrade 
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 Abstract 

Conflict monitoring, detection and resolution have been key 
foci of research within the dual-process framework of 
reasoning. The current study attempts to bridge the gap between 
classic reasoning and visual reasoning by applying a similar 
testing paradigm to determine whether the two rely on similar 
principles and processes. Participants were asked to accept or 
reject a cue number depending on whether it represents the 
actual number of stimuli (black circles) shown on the screen. 
The key manipulation leaves stimuli equidistant or groups them 
in multiple groups based on proximity. In the latter case, Gestalt 
processes lead to different judgments when compared to stimuli 
segmentation and this was exploited to observe the effects of 
congruence on accuracy and response times. The results show 
participants were less accurate and slower in conflict conditions 
which implies similar principles as in classic cognitive 
reasoning tasks. The findings demonstrate how visual cognition 
processes that run in parallel can interfere with one another. In 
such cases conflict resolution process are activated in order to 
settle on a response. 

Keywords: Gestalt grouping, visual cognition, scene 
segmentation, dual-process theory, Visual Grouping Conflict 
task 

Introduction 

The classic view of dual-process reasoning and thinking 

postulates the existence of Type 1 and Type 2 systems or 

processes. Type 1 processes are automatic, unconscious, fast 

and heuristic-based while Type 2 processes are slow, 

conscious and based on more complex processing (for a more 

comprehensive review see Evans, 2008). This classic view 

has been challenged by developments in the past two decades, 

with many hypothesized differences between the two types of 

processing debunked in this period (Evans, 2012).  

Modern models propose that there are multiple Type 1 

processes based on different principles. This means that, apart 

from classic heuristics such as the representativeness 

heuristic, there are also logical and mathematical intuitions 

which were previously mostly categorized as Type 2 thinking 

(Pennycook et al., 2015; Stanovich, 2018) but are now 

considered Type 1. Any decision or task may activate 

multiple Type 1 processes which may result in them pointing 

towards the same response, or towards conflicting responses. 

If the conflict is detected, Type 2 processes resolve it, either 

through rationalization (accepting the dominant Type 1 

response) or decoupling (abandoning the dominant in favor of 

an alternative response). If Type 1 processes are not sufficient 

to provide an adequate response or the task is too complex for 

intuitive response to arise, then more complex Type 2 

processing (what was meant by Type 2 in the classic 

approach) may be activated from the very start (Dujmović & 

Valerjev, 2018; Dujmović, Valerjev, & Bajšanski, 2020). 

Many tasks have been developed in order to investigate 

conflict detection and resolution in reasoning and these have 

become some of the key areas of interest in order to 

understand how Type 2 processes arise and explain the stages 

of processing. 

Concepts of conflict and inhibition are also widely used in 

vision, perception, attention, and cognition in general 

(MacLeod, 2007). When reviewing literature on perceptual 

and reasoning phenomena it is easy to draw parallels even 

though the literatures are separated. The separation is 

probably due to, up until recently, reasoning and rationality 

research being focused on the behavioral and cognitive level 

of investigation, with vision and perception primarily aiming 

at explanations on the neural level. 

Among automatic processes in visual perception, Gestalt 

principles provide perhaps the best tools in the attempt to 

bridge reasoning and perception in terms of dual-processing. 

Gestalt grouping processes are one of the oldest, 

systematically researched phenomena in psychology starting 

with Wertheimer and his work on the phi motion 

(Wertheimer, 1912). Modern research into Gestalt phenomena 

indicates grouping happens on different levels of visual 

processing finally influencing conscious perception 

(Wagemans et al., 2012). For examples of Gestalt principles 

see Figure 1.  

 
Figure 1: Examples of Gestalt grouping principles. 
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Since Gestalt phenomena emerge from automatic processes, 

they were used to develop a task which could combined with 

other visual processes in order to provide a similar testing 

paradigm as found in classic reasoning research. The 

paradigm rests on comparing performance (accuracy) and 

response times when different automatic processes are 

congruent and when they are in conflict (lead to different 

responses). Thus, the aim of this study was to develop a task 

which follows the outlined logic in order to determine 

whether automatic Gestalt processes interfere with visual 

cognition in a similar manner described within the dual-

process framework for reasoning. For the current study the 

processes were simple scene (object) segmentation and the 

Gestalt principle of proximity. Hypotheses which follow from 

dual-process literature are that conflict reduces performance 

and prolongs response times. 

Methods 

Undergraduate psychology students (N = 55) completed a 

novel task designed for the purposes of this study. We 

provisionally named it the Visual Grouping Conflict task 

(VGC task). The individual stimuli (black circles) are 

automatically segmented in the scene and enumerated. Their 

possible grouping according to proximity activates Gestalt 

processes and the grouping is also processed automatically. 

The results of these processes (number of stimuli vs number 

of groups) can be congruent or in conflict and this can be 

systematically manipulated (for experimental condition see 

Figure 2). 

 

 
 

Figure 2: Examples of five experimental conditions in VGC 

task. 

 

The task consisted of simply accepting or rejecting the 

number cue which appeared underneath the stimuli depending 

on whether the cue matches the actual number of stimuli on 

the screen (black circles). The grouped condition is shown in 

panels a) and b), while the ungrouped condition is shown in c) 

and d) of Figure 2. Valid cue conditions are shown in a) and 

c) with invalid cues being shown in b) and d). This natural 

2x2 design tests for whether grouping has an impact on 

accepting correct cues (making it more difficult in the 

grouped condition) and rejecting invalid cues (making it 

easier in the grouped conditions). One additional condition 

was added and can be seen in panel e). In this condition the 

cue was equal to the number of groups and results will be 

tested using a one-way ANOVA alongside the remaining two 

grouped conditions to determine whether rejecting the cue is 

made more difficult when it is congruent with the number of 

groups but in conflict with the actual number of stimuli. 

On each trial participants were presented a fixation cross 

lasting 1500 ms followed by the stimuli (black circles) and the 

cue number beneath them. The participant had to accept or 

reject the cue number depending on whether the cue matched 

the actual number of black circles. This was done by pressing 

the keyboard keys ‘K’ (to accept) or ‘S’ (reject) as fast as 

possible. Prior to the main study participants had two training 

blocks. One to familiarize themselves with the keyboard 

response mapping and another which consisted of six training 

trials which mirrored the task but used numbers of stimuli and 

cues which did not appear in the main task. The total of 150 

trials were randomized for each participant while making sure 

there was an equal number of trials on which they should 

accept and reject the cue. The number of stimuli was either 

four or six, grouped into groups of two or three while invalid 

cues could have one extra or one less circle than the actual 

number. Accuracy and response time was recorded for each 

trial. 

Results 

Total accuracy and mean response times were calculated for 

each participant in each experimental condition. Incorrect 

responses were excluded prior to calculating the mean 

response times. 

Two 2x2 fully within-subject ANOVAs were conducted in 

order to determine the impact of grouping and cue validity on 

accuracy and response times (results in Table 1).  

 

Table 1: ANOVA results of the effect of grouping and cue 

validity on accuracy and response times (RT). 

 

 Accuracy RT 

 F(1, 54) ηp
2 F(1, 54) ηp

2 

Grouping 0.04 .00 24.86** .31 

Cue validity 3.52 .06 81.73** .60 

Interaction 18.93** .26 35.34** .40 

**p < .001 

 

The results showed a significant grouping by cue validity 

interaction effect on accuracy. Post-hoc tests (Tukey HSD) 
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showed that valid cues were significantly easier to accept for 

ungrouped when compared to grouped stimuli. Rejection of 

invalid cues showed the opposite pattern; it was significantly 

easier to reject them when stimuli were grouped when 

compared to ungrouped stimuli. These results are depicted in 

Figure 3. 

 

 
Figure 3: Mean accuracy rates as a function of grouping and 

cue number. 

 

The response time ANOVA showed both main effects and 

the interaction were highly significant. Generally, participants 

were faster in the grouped condition and when accepting valid 

cues, but the more important result can be inferred when 

analyzing the interaction effect. Post-hoc analysis showed 

there was no difference between grouped and ungrouped 

conditions when accepting valid cues, but the difference was 

significant when rejecting invalid ones. Participants were 

significantly faster when rejecting invalid cues in the grouped 

when compared to the ungrouped condition. These results are 

depicted in Figure 4. 

 

 
Figure 4: Mean response times as a function of grouping and 

cue number. 

 

Additionally, one-way ANOVAs were conducted on 

accuracy and response times to determine the difference 

between the final condition in which the cue was equal to the 

number of groups, and the remaining conditions for grouped 

stimuli. 

There was a significant effect of cue number on accuracy in 

the grouped conditions (F(2, 108) = 10.14, p < .001, ηp
2 = 

.16), and post-hoc analysis showed this was due to 

significantly higher accuracy when rejecting invalid cues 

when compared to both accepting valid ones and rejecting 

cues that equal the number of groups. 

The response time analysis also showed a significant effect 

of grouping (F(2, 108) = 11.88, p < .001, ηp
2 = .18). Post-hoc 

analysis revealed this was due to faster acceptance of valid 

cues when compared to rejection of both invalid and cues 

equal to the number of groups. 

The invalid cues were numbers close to the actual number 

of stimuli and if the Webber-Fechner law applies, it would be 

easier to reject invalid cues when the number of stimuli were 

lower and more difficult when it was higher. This may affect 

the conclusions drawn from the previous analyses. Thus, the 

same analyses were conducted for trials in which there were 

four stimuli shown to the participants in order to better control 

for the segmentation difficulty. Median rather than mean 

response times were calculated since the number of trials per 

condition was reduced by half. 

 

Table 2: ANOVA results of the effect of grouping and cue 

validity on accuracy and response times (RT) in 4-stimuli 

trials. 

 

 Accuracy RT 

 F(1, 54) ηp
2 F(1, 54) ηp

2 

Grouping 3.01 .00 7.17** .12 

Cue validity 16.57** .23 29.79** .36 

Interaction 2.06 .04 23.92** .31 

 

Results revealed quite a different pattern when compared to 

the full dataset. The accuracy ANOVA revealed only a 

significant effect of cue validity, which showed that accepting 

valid cues was more difficult in general, though this was 

mostly because of lower accuracy when stimuli were grouped 

(even though the interaction was not significant) as can be 

seen in Figure 5. 

Response times also show a different pattern than in the full 

dataset, all three effects were significant but the key result is 

significantly faster responses when accepting valid cues when 

stimuli were ungrouped when compared to when they were 

grouped (Figure 6). Additionally, rejection of valid cues no 

longer depended on grouping. 

Follow-up one-way ANOVAs for grouped conditions were 

significant for both accuracy (F(2, 108) = 6.85, p < .01, ηp
2 = 

.11) and response times (F(2, 108) = 7.55, p < .001, ηp
2 = .12). 

The accuracy pattern remained similar to the one on the full 

dataset; participants were more accurate when rejecting 

invalid cues then accepting valid ones and rejecting cues 

equal to the group number. 
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Figure 5: Mean accuracy rates as a function of grouping and 

cue number in 4-stimuli trials. 

 

For response times, rejection of cues equal to the number of 

groups took significantly longer than both accepting valid and 

rejecting invalid cues. 

 

 
Figure 6: Mean response times as a function of grouping and 

cue number in 4-stimuli trials. 

Discussion 

The results mainly confirm that principles similar to the ones 

developed in the dual-processing approach to reasoning apply 

in visual cognition. Grouping made it easier to reject invalid 

cues which was reflected in both accuracy and response times. 

At the same time, acceptance of valid cues was reduced when 

stimuli were grouped though response times were not 

affected. Conceptually, the condition in which stimuli were 

grouped and the cue was invalid is fully congruent. Both the 

true number of stimuli and the number of groups point 

towards rejection of the invalid cue. Thus, the process of 

visual segmentation and the Gestalt grouping process 

congruently lead to the same decision. Indeed, participants 

showed highest accuracy in this condition. The remaining two 

grouped conditions can be considered conflict conditions. 

When the cue was valid stimuli segmentation pointed to 

acceptance but grouping pointed to rejection of the cue. When 

the cue was equal to the number of groups then stimuli 

segmentation pointed to rejection while grouping pointed to 

acceptance of the cue. Both of these conditions show lower 

accuracy rates. The ungrouped conditions have only a single 

process of segmentation pointing towards acceptance or 

rejection. 

Since the invalid cues were only slightly shifted (+/-1) from 

the actual number of stimuli the rejection of those cues was 

more difficult than acceptance of valid cues as reflected by 

both accuracy and response times. We further investigated 

how the difficulty of segmentation modulated the observed 

effects by analysing only trials with four stimuli. If the 

hypothesis that segmentation becomes more difficult with a 

higher number of stimuli holds, this should have led to easier 

rejection of invalid cues in the ungrouped condition. 

Additionally, it could make it easier to observe the effects of 

conflict between segmentation and grouping in valid cue 

conditions and when the cue was equal to the number of 

groups. This was indeed the case. Rejection of invalid cues 

was both easier (as demonstrated by higher accuracy) and 

faster in the four-stimuli trials. For these trials the conflict 

effects were easier to observe as well. The impact of conflict 

between segmentation and grouping led to lower accuracy in 

the 4-stimuli trials when compared to the full dataset. In 

totality, we can conclude that when segmentation and Gestalt 

processes were in conflict this led to more errors and longer 

response times. 

This pattern follows predictions from the modern dual-

process approach to reasoning when applied to this particular 

task. The findings indicate overlapping principles of decision 

making in both classic reasoning and basic visual reasoning. 

While there seems to be some strong overlap in the pattern 

of results between these results and what is observed when 

using cognitive reasoning tasks (e.g. the Linda problem or the 

Base rate neglect task), these just scratch the surface when it 

comes to understanding the underlying processes. There are 

different levels and, presumably, different sets of processes 

which may overlap. The best candidate for overlap is the 

conflict detection and resolution system which may be 

common across phenomena in perception, cognition and 

social cognition. It has been shown that the anterior cingulate 

cortex plays an important role in response conflict monitoring, 

inhibition, and control (Carter & van Veen, 2007). 

Developing new tasks and paradigms and conducting research 

across fields (perception, reasoning, social cognition) and 

level (behavioral, cognitive, neural) seems like the logical 

step in bridging the gap between what seem similar principles 

of processing. 

The current study is a pilot for the novel VGC task and as 

such has much room for improvement. The task has three 

basic elements – the number of stimuli, grouping, and the cue. 

This makes balancing and other methodological concerns 

difficult to tackle efficiently. Additionally, further analysis 

with a lower number of stimuli showed that the pattern of 

results is further modulated by the difficulty of the 

segmentation part of the task – to be more specific, the 

difficulty of making a decision about the cue when it should 
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be rejected, but is very close to the actual number of stimuli. 

As per the Weber-Fechner law, this becomes more difficult 

the higher the number of stimuli. This would also indicate that 

it is more difficult to induce and observe what is of most 

interest, the effect of congruence between grouping and 

segmentation processes. An interesting avenue would be to 

apply the paradigm with two congruent or conflicted Gestalt 

principles. This would presumably mean that both emerge at 

more comparable levels of processing. 

Introducing cognitive load to reasoning tasks has been the 

standard method of emphasizing automatic and reducing top-

down processing (De Neys, 2006; Evans, 2012). The 

approach is assumed to reduce Type 2 processing making 

responses reflect Type 1 thinking. Similar protocols can be 

introduced in future iterations of the task developed here 

through cognitive load, attention load, and short stimuli 

exposure times. 

In conclusion, this exploratory study revealed there is 

indeed overlap between findings in classic reasoning and 

visual reasoning when a similar paradigm is applied. 

Participant were less accurate and slower when Gestalt 

grouping and scene segmentation processes led to different 

responses. There is still a question as to whether the similar 

pattern implies a high level of similarity on multiple levels of 

processing (response generation, conflict monitoring, 

detection and resolution) or is due to a single common point 

(e.g. a shared response inhibition system). The approach 

seems promising providing further refinements of testing and 

further investigation of possible point of overlap between the 

various systems. 
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