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Implementation of the Stroop task 
using an Interactive Table: An 
experimental study

 

 

Abstract 

We have implemented a psychological test, known as 

the Stroop task (in its reversed version), using the 

interactive TangiSense table that is equipped with RFID 

technology allowing the use of tangible objects. How 

the test was implemented, as well as the experimental 

study, are described in this paper. As a general 

description, participants moved a tangible object into 

one of four colored zones. The correct colored zone was 

indicated by a word for a color displayed in congruent 

or incongruent colored LED lights (e.g., “yellow” 

displayed in yellow or red, respectively). Participants 

took more time to place the object in a zone and made 

more errors when the word was lit with an incongruent 

than congruent color. These results suggest that the 

TangiSense table has applicable value for psychological 

research. 
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Introduction 

Interactive tables offer many user advantages including 

a large surface for interaction and the capacity to 

display virtual objects and to detect the presence of 

tangible objects on their surface. Information can be 

conveyed via a variety of modalities. Vision, touch, and 

sound can serve as stimuli [4]. Designers of interactive 

tables and applications are thus disposed to choose the 

optimal combination of information streams. This is not 

always easy since perceptual information can compete 

with conceptual representations and 

impact user performance. For 

example, incidental observations made 

in link with the TangiSense color 

learning research with preschoolers 

suggests that learning to place a 

colorless stenciled banana into a 

yellow zone demarcated on an 

interactive table can be impaired if the 

base of the tangible object on which 

the image is fixed is painted green [3]. 

No such difficulty is experienced when 

the banana image is fixed to a yellow 

base. This problem is not unique to 

preschoolers; similar observations are 

commonly reported for humans of all 

ages in the psychological literature 

[5]. J.R. Stroop [7] most famously reported that people 

take longer to verbally articulate the font color of a 

word that represents an incongruent color (the word 

reads “red” but the font and accurate verbal response 

is “yellow”) than they do for a colored square. This 

phenomenon, often referred to as the “Stroop Effect”, 

continues to be studied using variations of his 

procedure [5]. One computerized version of the Stroop 

task that is now commonly employed requires 

participants to respond using specific keys on a 

keyboard to report the font color of a displayed word 

regardless of the word’s meaning. During experimental 

trials a word representing a color is presented using an 

incongruent font color (e.g., “red” is shown in yellow) 

and the participant is required to indicate the color of 

the font (yellow). Latency and accuracy on these trials 

are compared with performance on control trials that 

can be colored squares, XXXX’s or arbitrary words 

presented in different font colors, or congruent words 

where the font color and the meaning of the word 

coincide exactly. In general, people have less difficulty 

choosing the correct response key in a short duration 

on control trials than experimental trials. Moreover, 

processing and disregarding the word meaning during 

experimental trials reduces accurate key presses [2]. A 

similar pattern of results has been observed when the 

task is reversed, and the participant is asked to 

respond to the meaning of the word, and to disregard 

the color of the font [5]. This “reverse Stroop effect” 

has been reported in variations of the task that involve 

spatial elements [6]. We have implemented this version 

using an interactive table, called TangiSense. This table 

and its software architecture are described in [4]; 

several hardware characteristics are provided in the 

next section. Due to a lack of space, the 

implementation is described in this paper only through 

illustrations and their associated explanations (see 

Figure 1 and Figure 2). 

In the current experimental study that implemented the 

reverse Stroop task, participants were asked to move a 

Figure 1. The TangiSense Stroop task. 

 



 

tangible object into a colored zone that was identified 

by a written word for that color (see Figure 1). This 

version of the Stroop task was appropriate because it 

was known to produce the “Stroop effect” and also 

because we expected that choosing the colored zone 

that matched the meaning of the word would be more 

difficult than choosing the colored zone that matched 

the colored lights because the former required 

participants to generalize across semantic and 

perceptual domains whereas the latter would enable an 

LED color matching perceptual strategy. Congruent 

words, where the color and the meaning of the 

displayed word were the same, were presented on 

control trials. 

Method 

Participants 

A previous meta-analytic review reported a large 

overall effect size (d=2.1) for the Stroop phenomenon 

in young adults [9]. An a priori power calculation using 

GPOWER revealed that for a large effect size, with 

alpha set to .01 (two-tailed) a sample size of 7 would 

be required for 99% power [1]. We chose to recruit ten 

right-handed young adults (age range 18-34; M=24.4 

years; SD=6.0) whose native language was French and 

who had normal or corrected to normal vision at the 

University of Valenciennes and Hainaut-Cambrésis, 

France. There were 6 male and 4 female participants. 

Apparatus 

Description of the table 

The TangiSense interactive table was designed by the 

RFIDées company, and is made up of “tiles” of 2.5 cm2, 

each containing 64 antennas (8 x 8). Each tile contains 

a DSP processor, which reads the RFID antennas, the 

antenna multiplexer, and the communication processor. 

The reading strategies are prioritized, and the code is 

distributed between the processor reader antennas, the 

processor in charge of multiplexing, and the host 

computer. The table used in the study measures 1 m 

square and contains 25 “tiles” slabs (5 x 5) of 1,600 

antennas in total. Each antenna contains four RGB 

LEDs, which enable the display of virtual objects 

including colored zones, and word stimuli. The tiles are 

associated with a control interface connected to the 

host computer by an Ethernet link. For more details, 

the reader can see [4]. 

Description of the virtual and tangible objects 

The virtual objects consisted of words, zones, and 

feedback stimuli presented in colored LED lights (Red, 

Green, Yellow, Blue). 

The words projected (“Red”, “Green”, “Yellow”, “Blue”) 

were written in French (“Rouge”, “Vert”, “Jaune”, 

“Bleu”), 11.5 cm tall, centered horizontally, and 70 cm 

from the start zone. The start zone was a dark circle (8 

cm diameter) outlined in white LED lights located 3.5 

cm from the edge of the table and centered 

horizontally. Each of the four colored zones were dark 

circles (18 cm diameter) outlined in one of four colors 

with LED lights and were located an equidistance (32 

cm) from the start zone, and were arranged in a semi-

circle.  

Feedback for errors was presented as an “X” (14 cm 

tall) that appeared 11 cm above the start zone in white 

LED lights (see Figure 2). The tangible object was a 

clear cylinder (4 cm diameter, 1 cm tall), see Figure 1. 

Procedure 

Participants were invited to play a reaction time game 

on the TangiSense interactive table. Upon arrival each 

participant signed a consent form that described the 



 

activity. It was written that they would be asked to 

move a tangible object from a start zone to one of four 

equidistant colored zones. A word representing a color 

would be illuminated with colored lights on the table. 

They were instructed to attend to the meaning of the 

word and ignore the color of the lights. Their objective 

was to place the tangible object in the zone that 

matched the meaning of the word as quickly and 

accurately as possible using their 

dominant right hand. The 

experimenter then verbalized the 

instructions and demonstrated how the 

table worked. When the participant 

indicated that he/she was ready to 

begin, he/she was instructed to put 

the object in the start zone to initiate 

the first trial. The experimenter 

remained present in the room. 

Each testing session consisted of 160 

trials, with an equal number of 

congruent and incongruent trials 

presented in a randomized order. A 

testing trial was initiated once the 

tangible object (on which was placed 

an RFID tag) was placed in the start zone. One second 

after the RFID object tag was detected in this zone a 

word representing a color (“green”, “red”, “blue”, 

“yellow”) was illuminated with either a congruent or an 

incongruent color. Once displayed, a timer was 

activated to record the response time to displace the 

object from the start zone to a colored zone. Once 

placed into a colored zone, a white halo appeared 

underneath the object regardless of whether it was 

placed correctly or incorrectly (see Figure 2). Further 

movement of the object (corrections) was not allowed 

nor was recorded. Accuracy was measured by recording 

the number of correct placements. An inaccurate 

placement was followed by the illumination of a white 

X. The feedback was displayed until the participant 

moved the tangible object from the colored zone to the 

start zone to begin the next trial. The participant was 

allowed to return the object at his/her own pace. Each 

trial required, on average, 3.75 sec and the total 

duration of the reverse Stroop task was approximately 

10 min. 

Once the task was completed, participants were asked 

to specify their level of agreement to 7 questions by 

indicating a position along a 10 cm continuous line 

between two response end-points (visual analogue 

scale; VAS). The first two questions related to the 

perceived difficulty of (1) congruent and (2) 

incongruent trials. The remaining questions ascertained 

(3) how boring or amusing they found the task overall, 

(4) whether it required a lot or little attention to avoid 

making errors, (5) whether their performance speed 

relative to other imagined players was bad or good, (6) 

whether the number of errors they made relative to 

other imagined players was few or many and (7) 

whether playing the game made them feel fatigued or 

energized. The total duration of participation was 

approximately 15 min. 

The response time data for each participant was 

averaged across all trials and any response time that 

was 2 standard deviations above the individual’s 

average was eliminated for comparison regardless of 

trial type. This was done because on some trials the 

RFID tag was not immediately detected and thus an 

artificially long response time was recorded (2% of 

trials). The overall average by trial type for each 

participant was then log transformed. This was done to 

Figure 2. The TangiSense Stroop 

Task. An incongruent trial where 

“RED” (“ROUGE” in French) is lit in 

yellow (top left). An incorrect 

response for this incongruent trial 

(top right). A congruent trial where 

“BLUE” (“BLEU”) is lit in blue (bottom 

left). The correct response for this 

trial (bottom right). 

 



 

correct for the positive skewness inherent to response 

time data. These transformed averages were then 

subjected to analysis. 

The number of response errors was counted by trial 

type for each participant. The response time by word 

presented (Red, Yellow, Blue, Green) was also 

averaged, and log transformed, to investigate whether 

there were any spatial biases. 

RESULTS 

The average time to move the tangible object into a 

colored zone was shorter for congruent (M=1.21 s; 

SD=.10) than incongruent (M=1.33 s; SD=.15) trials 

(see Figure 3). Response errors were produced less 

frequently for congruent (M=0.20; SD=.63) than 

incongruent (M=2.20; SD=2.04) trials (see Figure 4). 

When asked to respectively evaluate the difficulty of 

the different trial types, participants reported that 

congruent trials were easier (M=1.41; SD=1.2) than 

incongruent trials (M=5.34; SD=1.41). 

A one-way analysis of variance (ANOVA) for correlated 

samples indicated that the difference in response time 

was significant F(1, 9)=75.39, p<.01, d=.95, it was 

shorter for congruent trials. This difference was not 

affected by the location of the target zone, as time to 

respond did not differ according to the word presented 

on the table F(3, 27)=.52, p=.67. Response error rate 

also differed significantly between trial types F(1, 

9)=12, p<.01, d=1.32 as did perceived difficulty F(1, 

9)=84.04, p<.01, d=3.01, accuracy was higher for 

congruent trials and these trials were perceived to be 

easier.  

Participants indicated that in general they found the 

task amusing (M=7.85, SD=2.07) and that playing the 

game was stimulating (M=6.02, SD=2.32). They 

believed that relative to other players they responded 

quickly (M=6.91, SD=1.37), and made few errors 

(M=2.34, SD=2.13). This is despite the fact that they 

believed the task demanded a great deal of attention 

(M=2.37, SD=2.58). 

DISCUSSION 

When participants were confronted with information 

that required them to attend to relevant conceptual 

dimensions while simultaneously ignoring irrelevant 

perceptual dimensions, their response accuracy and 

response time were reduced relative to when the same 

conceptual information did not require the processing 

and suppression of irrelevant perceptual information. 

These findings are consistent with and extend those 

reported in the psychological literature [5]. The size of 

the effect that we observed was large (d=.95), which 

reflects the fact that on average all participants showed 

poorer performance on incongruent than congruent 

trials. Taken together, these results evidence that 

Stroop-like interference can negatively affect user 

experience of a task designed for tangible computing 

technology. On average, participants reported that the 

task demanded a great deal of attention. Despite this, 

the task was perceived as amusing and relatively 

invigorating. Observations made during the execution 

of the task include, laughing at errors, crying out at 

errors (“Damn!”) and providing self-praise for a 

succession of fast and quick responses. This may be 

interpreted as evidence for the appealing nature of 

interactive tables. Participants may enjoy standing and 

moving around more than sitting in front of a 

computer. Given that standing and moving are 

associated with reduced risk of depression, anxiety, and 

medical disorders when compared to sitting [8], it is 

Figure 4. The mean number of response 

errors made by trial type. Error bars 

represent SEM.  

Figure 3. The mean response time for 

congruent and incongruent trials. Error bars 

represent standard error of the mean (SEM).  

 



 

possible that interactive tables may be inherently more 

suitable for human work-life. 

This experiment was meant to directly investigate the 

effects of cognitive conflict on user performance and 

experience of an application designed for the 

TangiSense interactive table. This was satisfactorily 

accomplished. However, there were other factors that 

could be, but were not, considered. For example, 

interactive tables offer the unique possibility to record 

object trajectory shifts. Thus, it is possible to measure 

action inhibition and decision-making as a function of 

object movement. Further research with the 

TangiSense table will take advantage of this possibility. 

In addition, performance on the reverse and not the 

typical Stroop task was examined in the current study 

even though it could be argued that more or less 

interference may have occurred using the original 

version. Further research comparing performance on 

both versions is planned. 

Conclusion 

The Stroop effect emerged when conflicting information 

streams were displayed by an application designed for 

the TangiSense interactive table. Irrelevant and 

discordant perceptual information increased response 

time and decreased accuracy. These findings have two 

primary implications. First, care should be taken when 

information streams are selected during the 

development of applications for interactive tables. 

Second, interactive tables can be used to further 

examine Stroop-like phenomenon. 
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