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Abstract: The study aimed to train participants on the carbohydrate values of various food
items and evaluate the effect over a three-week period. Twenty-seven participants were as-
signed to three different groups. Groups 1 and 2 aimed to establish three-member classes,
while Group 3 aimed for five-member classes. Initially, participants pre-sorted cards labeled
with food items in categories based on the amount of carbohydrates: “less than 20,” “20-40,”
and “more than 40” grams per 100 grams. Additionally, participants in Groups 2 and 3 could
sort items into a “don’t know” category. Any incorrectly sorted items were identified and cus-
tomized for each participant. Thus, tailored stimuli, incorrectly sorted stimuli, were then used
for each participant in Many-to-One conditional discrimination training. Maintenance of the
learned categories was tested after one week. Participants who did not meet the mastery cri-
terion received additional training and testing. A second test of maintenance was conducted
after three weeks. Both tests included tests for equivalence class formation in MTS and sorting
format. The results showed that most participants responded correctly in both test formats.
The majority of participants maintained the equivalence classes across all groups over the
three-week period.
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Resumo: O estudo teve como objetivo treinar participantes a identificar os valores de car-
boidratos de diversos alimentos e avaliar o efeito desse treino ao longo de um periodo de
trés semanas. Vinte e sete participantes foram distribuidos em trés grupos diferentes. Os
Grupos 1 e 2 tinham como meta estabelecer classes de trés membros, enquanto o Grupo 3
tinha como meta estabelecer classes de cinco membros. Inicialmente, os participantes pré-
-classificaram cartdes rotulados com itens alimentares em categorias baseadas na quantidade
de carboidratos: “menos de 20”, “20-40” e “mais de 40” gramas por 100 gramas. Além disso,
os participantes dos Grupos 2 e 3 puderam classificar itens na categoria “néo sei”. Todos os
itens classificados incorretamente foram identificados e personalizados para cada participan-
te. Assim, os estimulos personalizados — ou seja, os estimulos classificados incorretamente
— foram utilizados no treino de discriminag¢do condicional do tipo muitos-para-um. A ma-
nutenc¢ao das categorias aprendidas foi testada apés uma semana. Os participantes que nao
atingiram o critério de dominio receberam treinamento e testagem adicionais. Um segundo
teste de manutengéo foi conduzido apods trés semanas. Ambos os testes incluiram provas de
formacao de classes de equivaléncia em procedimento MTS (matching to sample) e em for-
mato de classificagdo. Os resultados mostraram que a maioria dos participantes respondeu
corretamente em ambos os formatos de teste. A maior parte dos participantes manteve as
classes de equivaléncia em todos os grupos ao longo do periodo de trés semanas.

Palavras-chave: carboidratos, manutencao, classifica¢io, equivaléncia de estimulos, perso-
nalizacio de estimulos
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Stimulus equivalence means that stimuli within a
class are mutually interchangeable, such that re-
placing one stimulus with another does not alter
the probability of a specific response (Green &
Saunders, 1998) and is defined by three key proper-
ties: reflexivity, symmetry, and transitivity (Sidman,
1992; Sidman & Tailby, 1982). Reflexivity means
that a stimulus has a relation with itself, such that
‘if A, then A’ Symmetry refers to the reversibility of
trained relations between stimuli. In other words, ‘if
A, then B it follows that ‘if B, then A’ Transitivity
involves a third stimulus, where if ‘A leads to B’ and
‘B leads to C’ are trained, the relations ‘if A, then C’
emerges without direct training.

Conditional discrimination training typically
occurs in a matching-to-sample (MTS) format.
In a computerized MTS format, a sample is pre-
sented on the screen, and clicking or touching the
sample stimulus is followed by the presentation of
two or more comparisons. A programmed conse-
quence follows a response to one of the compari-
son stimuli. The MTS format is typically used in
Equivalence-based Instruction (EBI). EBI is based
on the principles of stimulus equivalence (e.g.,
Marin & Fienup, 2024) and was previously referred
to as Stimulus Equivalence Technology (Critchfield
& Fienup, 2010). In EBI, individuals are trained to
respond to meaningful stimuli that are arbitrarily
related and later tested for emergent relations. EBI
enhances the accessibility of complex or abstract
course content by establishing equivalence rela-
tions between concepts. Thus, EBI has been applied
across various areas, including (a) academic skills
(Albright et al., 2015; Fienup et al., 2010; Ong et al.,
2018), (b) children’s skills (Bolanos et al., 2020; Hill
et al., 2020; LaFond et al., 2021), (c) portion size
estimation (Regan et al., 2018; Trucil et al., 2015;
Vladescu et al., 2021), and (d) training nutritional
content (Arntzen & Eilertsen, 2020; Hausman et al.,
2017; Nastally et al., 2010).

For the training of nutritional facts, Nastally
et al. (2010) utilized two OTM training structures
(AB and AC; CD and CE) to teach calorie content
and promote healthier food choices via a comput-
erized stimulus equivalence procedure. Six students
aged 20 to 28 participated. The A stimuli consisted
of three different calorie levels (A1, below 500 calo-
ries; A2, between 500-1000 calories; and A3, above
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1000 calories). B, C, D, and E stimuli included im-
ages of fast food and logos. In the first part, a pre-
and post-preference test was conducted, ranking
the food items according to the participants’ desire
to eat them. In the next part, a calorie discrimina-
tion pre- and post-test was performed, where par-
ticipants were asked to categorize pictures of food
items based on their calorie level. The stimuli used
in the conditional discrimination training were
food items that participants had previously cat-
egorized incorrectly. In the third part, conditional
discrimination training was conducted for AB and
AC relations, followed by a mix of AB and AC rela-
tions, and finally, a test for BC and CB relations. In
the fourth part, conditional discrimination training
was conducted for CD and CE relations, followed
by a mix of CD and CE relations, and finally, a test
for DE and ED relations. The results indicated that
participants improved their sorting into categories
by an average of 45%. Four out of six participants
self-reported an increase in healthier food choices,
and it was found that Body Mass Index (BMI) had
no correlation to correct responses. The authors
suggest that future research could examine other
nutritional content beyond calories to determine if
the intervention yields similar results.

Arntzen and Eilertsen (2020) expanded
Nastally et al. (2010) by focusing on carbohydrate
knowledge using EBI. Carbohydrates, as the pri-
mary energy source for organs like the brain and
kidneys, are divided into simple and complex
types. Simple carbohydrates are sugars, and com-
plex carbohydrates are starches. In Arntzen and
Eilertsen (2020), 22 participants, aged 19-54, were
randomly assigned to three groups, and the experi-
ment involved sorting food items into categories
based on their carbohydrate content. The experi-
ment was divided into four phases. The first phase
involved pre-sorting of food items in a table-top
format. Group 1 sorted the stimuli into the cat-
egories ‘less than 20, 20-40, and ‘more than 40!
Groups 2 and 3 had a fourth category, ‘don’t know”
Groups 1 and 2 were presented with a pile of 21
stimulus cards with different food items, while
Group 3 was presented with a pile of 33 stimulus
cards with different food items. Participants were
asked to sort the stimulus cards below the cat-
egory cards. Incorrectly sorted items were used
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as stimuli in subsequent phases; thus, the stimuli
used in training and testing were tailored for each
participant. The second phase involved a condi-
tional discrimination procedure, arranged with an
OTM training structure. Groups 1 and 2 trained
on three 3-member classes (A1B1C1, A2B2C2,
and A3B3C3). Group 3 trained on three 5-mem-
ber classes (A1BICID1E1, A2B2C2D2E2, and
A3B3C3D3E3). The category stimuli were desig-
nated as A1l (less than 20), A2 (20-40), and A3
(more than 20), respectively, while the B, C, D,
and E stimuli represented different food items. The
mastery criterion was 95% correct for all groups.
The third phase consisted of testing, where all
groups were presented with two test blocks. The
test blocks for Groups 1 and 2 consisted of 54 tri-
als, while the test block for Group 3 consisted of
180 trials. The test criterion was a minimum of
90% correct trials for all groups. For Groups 1 and
2, this meant a minimum of 49/54 correct trials,
while for Group 3, it was a minimum of 162/180
correct trials. The fourth phase involved comput-
erized post-sorting of the stimuli used in condi-
tional discrimination training and testing, com-
prising nine stimuli for Groups 1 and 3, and 15
stimuli for Group 3. The results showed that six out
of eight participants in Group 1, all participants in
Group 2, and five out of six participants in Group
3 formed equivalence classes. All participants in
Groups 1 and 2 correctly sorted the stimuli into
their respective categories. In Group 3, all partici-
pants sorted correctly, except for the participant
who did not demonstrate equivalence on the MTS
test. Arntzen and Eilertsen suggest that further
studies should include follow-up tests to examine
the maintenance of equivalence classes over time.
Regaco et al. (2023) had 24 publications in their
review on the maintenance of stimulus equivalence
classes focusing on parameters as class size, train-
ing and testing parameters, the nature of stimuli,
generalized relations, and equivalence-based in-
struction. The review highlights that multiple fac-
tors contribute to the maintenance of these classes,
such as class size, training structures, and types of
stimuli. The authors advocate for more focused re-
search on these variables to better comprehend and
enhance the durability of learned behaviors in both
experimental and practical settings. Further stud-
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ies are necessary to investigate the maintenance of
derived repertoires following the application of a
stimulus equivalence procedure.

Diaz et al. (2023) conducted a review on the use
of EBI for learning portion sizes and nutritional
content in food. One topic emphasized in the re-
view was the necessity for more research focusing
on retention and long-term follow-up. In their sam-
ple of reviewed articles, only two studies examined
the maintenance of results—Hausman et al. (2014)
addressed it after one week, and Trucil et al. (2015)
after one and two weeks. Therefore, further inves-
tigations are needed to verify the effects of forming
equivalence classes based on nutritional informa-
tion on food categorization and choice preferences
over different time intervals.

The goal of the present study was to replicate
and extend Arntzen and Eilertsen (2020) by using
a many-to-one instead of a one-to-many training
structure when testing for the formation of small
and large equivalence classes. Another extension
was to include maintenance tests after 10 days and
17 days of class formation in the MTS test and the
sorting test. Finally, we extended the study by in-
creasing the number of stimuli in the sorting (pre-
and post-tests). In the pre-test, we increased the
number of stimuli to 60 compared to 21 and 33
stimuli, while in the post-test, we presented all 60
stimuli compared to 9 and 15 stimuli in the Arntzen
and Eilertsen study.

Method

Participants

Twenty-six participants, all neurotypical, were re-
cruited from a student pool of undergraduates at
different programs at the university and through
personal contacts. None of the participants report-
ed having previously completed coursework on the
foundational knowledge of carbohydrate content
in food items. The group consisted of eight men
and eighteen women, aged 20 to 54 years (M=31.0
years old, SD=9.6). Participants were randomly as-
signed to one of three groups: 10 in Group 1, 9 in
Group 2, and 8 in Group 3. The availability of par-
ticipants determined the number of participants
in each group. None of the participants had prior
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knowledge of stimulus equivalence. Before the
study commenced, all participants read and signed
a consent form. Upon completion, they were com-
pensated with universal gift cards worth NOK 200.

Apparatus and Stimuli

The experimental sessions took place in a univer-
sity laboratory within small cubicles designed for
testing. Each cubicle, approximately 1.5 m* in size,
was equipped with a chair, a table, and a computer
featuring a 17-inch screen. Custom-built MTS pro-
gram, running on Windows 10, presented all trials
and recorded responses.

The stimuli used in the experiment are listed in
Table 1. In the MTS program, each word and num-
ber was displayed as a black image on a white back-
ground within a 5x 5 cm “invisible” square. The cat-
egories “Less than 20,” “20-40,” and “More than 40”
were consistently used as A stimuli. The remaining
stimuli were arranged as B and C stimuli for Groups
1 and 2, and as B, C, D, and E stimuli for Group 3,
depending on the tailored selection (see Pre-sorting
below). Participants used a mouse to click on the
stimuli according to specific instructions.

In addition, 60 laminated cards representing
food products and 4 laminated cards representing
categories were used in a table-top arrangement.
The food cards varied in size from 5x 3 cm to 5.5
x 3.5 cm. The categories were labeled as “Less than
20, “20-40,” “More than 40,” and “Don’t Know.”
These category cards were always placed in a fixed
order, with “Less than 20” at the top of the pile, fol-
lowed by “20-40,” “More than 40,” and, for Groups
2 and 3, “Don’t Know.” The other 60 cards were
shuffled and presented in a pile in the middle of the
table below the category cards.

Design

We employed a group design, with Groups 1 and 2
receiving training on six food items, while Group 3
received training on twelve food items. Participants
in Group 1 sorted items into three categories: “More
than 40,” “20-40,” and “Less than 20.” In Groups 2
and 3, participants also had the option of sorting
items into a fourth category: “Don’t Know.” The
experimental arrangement included two tests for
maintenance, one (Follow-up 1) and three (Follow-
up 2) weeks after training and testing.
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Since the primary focus in the present experi-
ment was tailoring the stimuli for each participant,
the dependent variables measured were the num-
ber of incorrectly sorted stimuli in the pre-sorting
phase. Second, the number of trials required to
reach the mastery criterion during conditional dis-
crimination training. Third, we calculated the per-
centage of correct responses by the total number
of trials during tests for equivalence relations. The
fourth dependent variable was the number of cor-
rectly sorted stimuli during the post-sorting phase.
The scoring in pre- and post-sorting phases of the
stimuli used the same

Procedure

All groups were exposed to all phases. The pro-
cedure included eight phases (see Figure 1): (1)
Pre-sorting of stimuli, (2) conditional discrimina-
tion training, (3) tests for emergent relations, (4)
post-sorting of stimuli, (5-6) two follow-up tests
for emergent relations, and (7-8) two follow-up
sorting tests. If participants did not meet the test
criterion during the follow-up tests, they received
additional training and testing. Phases 1-4 were
run successively in one session.

Phase 1: Pre-sorting and Tailoring of Stimuli
To be able to use stimuli that were not already estab-
lished in class with the correct category, we used a
pre-sorting phase for categorization. Participants were
provided with a randomized stack of laminated cards
representing food items, while the category cards re-
mained fixed at the top. In Groups 2 and 3, the “Don’t
Know” category was also included. Participants were
instructed in Norwegian to “sort these cards as you
wish. If you have any questions, I am sitting outside
the room. Let me know when you are finished”
After sorting, the second author documented
the card positions through photographs. Incorrectly
sorted cards with the names of the food items were
selected for further training and testing—six items
for Groups 1 and 2, and twelve for Group 3. For
Groups 1 and 2, two cards from each category, and
for Group 3, four cards from each category. After the
stimuli were randomly selected, they were checked
for similarity. If they belonged to the same group
(for example, boiled basmati rice, cooked pasta, and
cooked couscous), other stimuli were selected.
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One participant was excluded because all items
within one category were correctly sorted, and the
participant was not replaced by another participant.
After finishing the pre-sorting phase, the partici-
pants were exposed to the conditional discrimina-
tion training.

Phase 2: Conditional Discrimination Training
Participants completed MTS training, in which one
sample stimulus appeared in the center of the screen,
with three comparison stimuli displayed in the cor-
ners of the screen. The sample stimulus remained
visible throughout the trial, utilizing a Simultaneous
Matching-to-Sample (SMTS) protocol. The partici-
pant clicked one of the comparison stimuli, which
was followed by a programmed consequence. If
the choice was correct (for example, clicking on C1
and not C2 or C3 in the presence of A1), text such
as ‘awesome, ‘correct,; ‘super, etc., appeared on the
screen, while for incorrect choices, the text ‘incor-
rect’ (for example, clicking on C3 or C1 and not
C1 in the presence of B1) was displayed. The pro-
grammed consequences were displayed for 500 ms.

The following instruction in Norwegian was
presented on the screen:

You will need to click on some stimuli that
appear on the screen. The goal is to get as many
correct as possible. When you move the mouse
pointer to the stimulus in the center and click
on it, more stimuli will appear on the screen.
A mouse click on the correct stimulus in the
corners will be followed by the text ‘Correct’ or
something similar on the screen. Clicking on
one of the incorrect ones will be followed by the
text ‘Incorrect’ This is how you find out what is
correct and incorrect. After a while, you will no
longer receive feedback on whether what you
click is right or incorrect. It will always be ne-
cessary to click on the stimulus in the center be-
fore you click on the ones in the corners. Click
‘Start’ to begin the experiment.

An MTO structure was used, with baseline tri-
als presented in serialized blocks (see Table 2). For
Groups 1 and 2, three 3-member classes, A1B1C1,
A2B2C2, and A3B3C3 were classes to-be formed.
AC and BC trials were presented separately, then
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mixed. For Group 3, three 5-member classes,
A1BICI1DI1ElL, A2B2C2D2E2, and A3B3C3D3E3
were classes to-be formed. AE, BE, CE, and DE
trials were trained in separate blocks, then mixed.
The mastery criterion was set at 95% correct re-
sponses within the block before proceeding to the
next teaching phase. If participants did not meet
the mastery criterion, the block was repeated. The
probability of programmed consequences was
100% when the relations were trained separately.
The probability of programmed consequences was
decreased gradually from 100% to 75%, 50%, and fi-
nally 0%, depending on meeting the mastery criteri-
on as described above. Each trial type was presented
five times per block, with a 500 ms intertrial inter-
val. The test phase was implemented automatically
when the participants met the mastery criterion.

Phase 3: Test for Emergent Relations

The test for emergent relations was conducted
in an SMTS format with no programmed con-
sequences and a 500 ms intertrial interval. Each
trial type was presented five times. As illustrated
in Table 2, Groups 1 and 2 had 90 total trials (30
trials each for baseline, symmetry, and equiva-
lence), while Group 3 had 300 total trials (60 trials
each for baseline and symmetry, and 180 equiva-
lence trials). The experimenter-defined criterion
for forming an equivalence class was 90% correct
responses on all relations. This means that even if
the average of the scores is 90% or above, it will
not qualify for the experimenters’” definition if the
scores for one or two of the relation types are be-
low 90% correct.

Phase 4: Post-sorting

Immediately after Phase 3, participants repeated
the sorting task with the laminated cards, following
the same procedure as in Phase 1. After completing
this, participants were informed they had finished
for the day.

Phase 5: Follow-up 1: Test for Emergent Relations
Seven to ten days after Phase 3, participants re-
turned for maintenance testing. The test was iden-
tical to the test in Phase 3, and the participants were
given the following instruction:
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The goal is to get as many answers as possible
correct. When you move the mouse pointer to
the stimulus in the center and click on it, more
stimuli will appear on the screen. You will not
receive feedback on what is correct or incorrect.
It will always be necessary to click on the stimu-
lus in the center before clicking on the ones in
the corners. Click ‘Start’ to begin the experiment.

If they met the 90% criterion, they advanced
to Phase 6. If not, they received additional training
and testing, identical to Phases 2 and 3.

Phase 6: Follow-up 1: Sorting

This phase mirrored the sorting tasks from Phases 1
and 4. Participants completed the sorting and were
then informed they were done for the day.

Phase 7: Follow-up 2: Test for Emergent Relations
Fourteen to seventeen days after Phase 6, partici-
pants returned for the second follow-up test, con-
ducted identically to the first follow-up.

Phase 8: Follow-up 2: Sorting

Following the second follow-up test, participants
completed another sorting task, with the same pro-
cedure as in previous phases. After completing this
final task, participants were debriefed and could
view their results if desired.

Procedural Failures

Due to a programming error, baseline relations
were not tested for P18953 during the post-test.
Additionally, P18955 did not receive extra training
during Follow-up 1, despite not meeting the test
criterion for equivalence relations. However, dur-
ing Follow-up 2, the participant reached the test
criterion without the additional training.

Interobserver Agreement (I0A)

The second author and a trained observer scored
30% of all sorting sessions. Interobserver agreement
was calculated using the formula: (Agreements/
Agreements + Disagreements) x 100 (e.g., Kazdin,
2010). IOA was 100% for pre-sorting, 90% for post-
sorting, 97% for Follow-up 1 sorting, and 100% for
Follow-up 2 sorting.
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Results

Sorting and Tailoring Stimuli

Across all groups, the majority of food items were
incorrectly sorted during the pre-sorting phase. The
food items selected for training and testing were
those incorrectly sorted by each individual partici-
pant. Thus, the stimuli used in training and testing
were tailored for each participant. The number of
times a specific stimulus was used in training and
testing is listed in Table 1. Five participants in Group
2 sorted one or more stimuli in the "don't know" pile,
while three of the participants in Group 3 did so.

Training Trials Blocks

In Group 1, participants required an average of 12.4
blocks (range: 8-18, SD=3.9) to meet the mastery
criterion (see Figure 2). In Group 2, participants
averaged 11 blocks (range: 8-27, SD=6.1). A t-test
revealed no statistically significant difference in the
number of training blocks (p=0.56). In Group 3,
participants had an average of 22.6 blocks (range:
20-27, SD=2.3) to meet the mastery criterion.
From Group 1, P18981 required additional train-
ing, completing 11 blocks. From Group 2, P18957
and P18980 also received additional training, com-
pleting 6 and 7 blocks, respectively. In Group 3,
P18962 required additional training and required
18 blocks to meet the mastery criterion.

Equivalence Class Formation

Participants were tested for equivalence class for-
mation after reaching mastery in conditional dis-
criminations, followed by two maintenance tests in
Follow-up 1 and Follow-up 2.

Immediate Test

Immediately after training, 89% (8/9) of the par-
ticipants in Group 1, 100% (9/9) of the participants
in Group 2, and 75% (6/8) of the participants in
Group 3 formed equivalence classes (see the upper
panels in Figures 3, 4, and 5 for individual data). A
Mann-Whitney test did not reveal a statistically sig-
nificant difference when comparing Groups 1 and 2
to Group 3 (p = 0.17).
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Follow-up Tests
In the Follow-up 1 test (see the middle panels of
Figures 3, 4, and 5), one additional participant
formed equivalence classes after extra training;
thus, 100% of participants formed equivalence
classes in Group 1. In Group 2, seven participants
maintained their equivalence classes, while two
participants, after receiving additional training, re-
sponded in accordance with stimulus equivalence
in the subsequent test; thus, 100% of the partici-
pants formed classes. In Group 3, five participants
maintained their equivalence classes, and three
participants who had not previously formed equiv-
alence classes successfully did so. Additionally, one
participant formed classes after receiving further
training; thus, 100% of participants formed classes.
In the Follow-up 2 test (see the bottom panels of
Figures 3, 4, and 6), 100% of participants in Groups
1 and 2 maintained equivalence classes. In Group 3,
88% (7/9) of the participants maintained their classes.

Sorting Tests

In the experiment’s setup, with tailored or custom-
ized stimuli based on the pre-test sorting, partici-
pants across all groups scored 0% correct on cate-
gorizing the stimuli used in the conditional training
and testing.

Immediate Test

During the post-test sorting, 78% (7/9) of par-
ticipants in Group 1, 89% (8/9) of participants in
Group 2, and 50% (4/8) of participants in Group
3 sorted the cards correctly into the experimenter-
defined classes (see the upper panels in Figures 3,
4, and 5 for individual data).

Follow-up Tests

In the first follow-up test (see the middle panels in
Figures 3, 4, and 5 for individual data), 89% (8/9)
of the participants in Group 1, 78% (7/9) of the par-
ticipants in Group 2, and 50% (4/8) of the partici-
pants in Group 3 sorted all items correctly. For the
Follow-up 2 sorting (see the lower panels in Figures
3, 4, and 5 for individual data), 89% (8/9) of the
participants in Groups 1 and 2, and 63% (5/8) of
the participants in Group 3 sorted correctly. See
Table 3 for an overview.
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Sorting Not in Experimenter-Defined Classes
Sorting could either be scored as categorization
in accordance with experimenter-defined classes
or scored as not in accordance with these defined
classes, but the scoring could also be based on
participant-defined classes. Five of the participants
(P18981 from Group 1; P18980 and P18957 from
Group 2; P18962 and P18975 from Group 3) made
one or more errors. P18980, P18957, and P18962
sorted one or more stimuli in “don’t know” catego-
ry. P18960 from Group 3 sorted the stimuli accord-
ing to participant-defined categories in all sorting
tests, while three participants (P18979 from Group
1; P18967 from Group 2; P18958 from Group 3)
sorted partly according to participant-defined
classes. P18958 also sorted one or more stimuli in
the “don’t know” category.

Discussion

This study aimed to establish knowledge about car-
bohydrates using EBI procedures and investigate
the maintenance of emergent relations in two fol-
low-up tests using MTS and sorting tests. The first
MTS test after the conditional discrimination train-
ing showed that 88,9%, 100%, and 75% of the par-
ticipants in Groups 1, 2, and 3, respectively, formed
equivalence classes. In the first follow-up test, 100%
of participants in all groups formed equivalence
classes. Four of the participants required additional
training to form classes. In the second follow-up
test, all participants in Groups 1 and 2, and all but
one participant in Group 3, formed equivalence
classes. In experiments comparing results on the
MTS and sorting tests, the sorting test includes
the same stimuli as in the MTS training and test
(e.g., Arntzen et al., 2021). However, in the pres-
ent experiment, the sorting post-test included all 60
stimuli used in the pre-test. The results of the sort-
ing test, conducted after the MTS test, showed that
78%, 90%, and 50% of the participants in Groups 1,
2, and 3, respectively, sorted the stimuli according
to the experimenter-defined classes. Furthermore,
89%, 78%, and 50% of the participants in Groups 1,
2, and 3, respectively, sorted the stimuli in exper-
imenter-defined classes in the first follow-up test.
Finally, 89% of the participants in Groups 1 and
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2, and 63% of the participants in Group 3, sorted
stimuli into experimenter-defined classes in the
second follow-up test.

Tailoring of Stimuli

An important aspect of the present study was the
tailoring of stimuli based on the results of the pre-
sorting test. Participants were presented with 60
stimuli, while the conditional discrimination train-
ing and testing for emergent relations involved only
the stimuli that the participant had not correctly
sorted in the pre-test. This tailoring of stimuli in the
present experiment ensured that the stimuli used in
the conditional discrimination training were not al-
ready part of the correct category of carbohydrates.
Tailoring of stimuli could be an essential variable
to consider in EBI experiments since the type of
stimuli used in EBI research differs significantly
from those used in basic research. In basic research
within stimulus equivalence studies, abstract shapes
are typically used, and the relations between stimuli
are arbitrarily defined (e.g., Sidman & Tailby, 1982).
Therefore, to ensure that the stimulus set used in
conditional discrimination training is not already
partitioned into different classes, it is essential to
tailor the stimulus set for each participant. The tai-
loring procedure used in the present experiment
aligns with other experiments exploring nutrition
skill teaching (Arntzen & Eilertsen, 2020; Nastally
et al., 2010; Oenema et al., 2001).

Replication

MTS Training Trials Blocks

Participants in Groups 1 and 2 had a similar num-
ber of blocks to reach mastery, while those in Group
3 required more than twice as many blocks com-
pared to the other groups. This difference is likely
due to participants in Groups 1 and 2 training with
three 3-member classes, whereas those in Group 3
trained with three 5-member classes. When consid-
ering this variation, all groups approximately uti-
lized the same number of blocks to establish rela-
tions. The number of blocks in this study replicates
the findings from Arntzen and Eilertsen (2020).

MTS Test

The results of the emergent relations test, conduct-
ed after the conditional discrimination training,
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replicated those of Arntzen and Eilertsen (2020).
In Arntzen and Eilertsen (2020), 100 % of par-
ticipants in Groups 1 and 2, and 83.3% in Group
3 demonstrated the emergence of equivalence re-
lations, while in the current study, 88.9% of par-
ticipants in Group 1, 100% in Group 2, and 75%
in Group 3 formed equivalence classes. The small
difference between the two experiments in the
number of participants who responded in accor-
dance with equivalence (yields) could be due to the
difference in training structures (OTM vs MTO).
Research has shown that there are slight differences
in outcome on MTS tests between OTM and MTO
training structures (For an overview, see Arntzen,
2012). Furthermore, the results on equivalence
class formation align with other studies focusing
on EBI, such as Trucil et al. (2015) and Vladescu et
al. (2021), in which all participants formed equiva-
lence classes. Additionally, the present experiment
corresponds with results on equivalence class for-
mation from experiments using abstract shapes us-
ing the MTO training structure (e.g., Ayres-Pereira
& Arntzen, 2021). Finally, the yields for small
classes versus larger classes replicates experiments
with abstract shapes, which are in accordance with
previous research (e.g., Arntzen & Hansen, 2011;
Fields et al., 1999).

Sorting Test

The sorting results following the MTS test support
the findings of Arntzen and Eilertsen (2020) and
those of Nastally et al. (2010). In all three studies,
most participants demonstrated improvement from
pre-sorting to post-sorting. In the present experi-
ment, the average increase was 92%.

In Arntzen and Eilertsen (2020) reported a
100% correct sorting for Groups 1 and 2, and an
83.3% correct sorting for Group 3. In the current
study, 77.8% of participants in Group 1, 88.9% in
Group 2, and 50% in Group 3 sorted correctly in
the first sorting test. Although the percentage of
correct sorting was slightly lower in this study, it
may be attributed to the difference in the complex-
ity (number of discriminations) in the arrange-
ment of the sorting tests. In both experiments,
participants were asked to sort the stimuli used in
the equivalence test. However, in the present ex-
periment, all 60 stimuli were presented during the
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sorting tests, while in Arntzen and Eilertsen, the
post-sorting test only included stimuli that had
been part of the equivalence test. In the present ex-
periment, the participants had to sort six stimuli
(Groups 1 and 2) and 12 stimuli (Group 3) accord-
ing to the three categories (‘below 20, 20-40, and
more than ‘40’) and to discriminate these stimuli
from the other 54 stimuli (for Groups 1 and 2) and
48 stimuli (for Group 3).

Maintenance and Follow-Up Tests
Maintenance has been listed as one of the dimen-
sions of applied behavior analysis: “A behavior
change may be said to have generality if it proves du-
rable over time, if it appears in a wide variety of pos-
sible environments, or if it spreads to a wide variety
of related behaviors” (Baer et al., 1968, p. 96). Review
articles on maintenance behavior analysis have been
done in different areas as for example, functional
analysis of problem behavior (Hanley et al., 2003),
maintenance of preschool children’s social skills
(Chandler et al., 1992), maintenance of school-based
functional behavior assessments and behavior inter-
vention plans (Pennington et al., 2019), maintenance
of behavior treatment across settings (Podlesnik et
al., 2017), and long-term response maintenance in
large-scale behavioral interventions for industrial
safety (Boyce & Geller, 2001). Relevant to the pres-
ent paper, Regaco et al. (2023) showed that even
stimulus equivalence has been an active research
area for more than 50 years, relatively few studies
have included measures of maintenance of equiva-
lence classes. They found in their review, six pub-
lished articles that compared the effect of different
class sizes in maintenance. For example, Camargo
and Haydu (2015) used an MTO training structure
and familiar stimuli with undergraduate students
as participants. They found that 6-member classes
were maintained more often than three-member
classes. There are a couple of differences between
Camargo and Haydu and the present experiment
that could be related to the different outcomes.
Camargo and Haydu employed a simple-to-com-
plex training and testing protocol, which means
that participants trained to form 6-member classes
were exposed to a significantly higher number of
symmetry trials than those trained to form 3-mem-
ber classes, as observed in the present experiment.
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Two studies, by Hausman et al. (2014) and
Trucil et al. (2015), with a focus on nutrition, in-
vestigated maintenance after one and two weeks,
respectively. In both studies, responses improved or
remained stable compared to baseline. The current
study’s results are consistent with these findings, as
the number of correct trials during the MTS test
remained similar or improved across the follow-up
tests. In the second follow-up test, there was only
a minor difference between the groups (1 and 2),
with three members compared to Group 3, which
had five members. Three of the four participants, all
from Groups 1 and 2 who did not meet the test cri-
terion during follow-up 1, received extra training
and showed maintenance of equivalence classes in
the second follow-up test. The primary difference
between this study and previous ones lies in the
timing of the emergent relation tests, which were
conducted at three distinct points: post-test, follow-
up 1, and follow-up 2. Conversely, other studies
mainly concentrated on post-tests, with only Trucil
et al. (2015) including maintenance, but limited to
portion size estimates.

Correspondence Between MTS and
Sorting Tests

Another essential topic to emphasize is the cor-
respondence between the MTS test and the sort-
ing test. The arrangement of the sorting test in the
present experiment, by including 60 stimuli and
not only the stimuli used in the conditional dis-
crimination, could influence the correspondence
between MTS and the sorting test. For the partici-
pants who responded in accordance with stimulus
equivalence in the MTS test (see the upper panels
in Figures 3, 4, and 5), 88% (7/8) of the partici-
pants in Group 1, 89% (8/9) of the participants
in Group 2, and 40% (2/5) of the participants
in Group 3, respectively, sorted the stimuli into
experimenter-defined classes. For participants
who did not respond in accordance with stimu-
lus equivalence on the MTS test, only two par-
ticipants in Group 3 (66% or 2/3) sorted stimuli
into experimenter-defined classes. In the first
follow-up test (see the middle panels in Figures 3,
4, and 5), for the participants who responded in
accordance with stimulus equivalence in the MTS
test, 88% (7/8) of the participants in Group 1, 86%
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(6/7) of the participants in Group 2, and 54% (4/7)
of the participants in Group 3, respectively, sorted
the stimuli into experimenter-defined classes. In
the second follow-up test (see the lower panels in
Figures 3, 4, and 5), for the participants who re-
sponded in accordance with stimulus equivalence
in the MTS test, 89% (8/9) of the participants in
Groups 1 and 2, and 71% (5/7) of the participants
in Group 3 sorted the stimuli into experimenter-
defined classes. For participants who did not re-
spond in accordance with stimulus equivalence
on the MTS test, none of them sorted stimuli into
experimenter-defined classes.

The present experiment demonstrated a rela-
tively high correspondence between MTS and
sorting tests for both the immediate test and the
follow-up tests. The correspondence was lower for
Group 3 compared to Groups 1 and 2, a difference
most likely due to the number of stimuli in each
class. The correspondence was higher in Group 3
in the last follow-up test compared to the first test.
The present experiment supports the argument that
sorting is an alternative method for assessing the
emergence of equivalence classes (e.g., Arntzen et
al., 2021; Rustad Bevolden & Arntzen, 2018).

Limitations and Future Research

Several potential limitations should be considered.
The first limitation is the variation in time inter-
vals between maintenance and follow-up phases,
which ranged from 7 to 10 days for the first test
and 14 to 17 days for the second test. Further
studies should impose stricter time intervals to
reduce variability. The first limitation relates to
the repetitive nature of MTS testing, which could
lead to participant fatigue. Future studies might
consider alternating between MTS and sorting
tests to introduce variation. However, none of the
participants in the present study reported experi-
encing such issues.

Another limitation is that we did not provide
extra training for participants who did not meet the
test criterion for emergent relations in the first MTS
test. P18981 did not form equivalence classes in the
first test and did not do so in the follow-up test 1.
The number of correct responses in the first MTS
test was relatively low; therefore, it is not surpris-
ing that the number of correct responses remained
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low in the first follow-up MTS test, despite no ad-
ditional training. Likewise, one of the participants
in Group 3 (P18962) had a relatively low score of
correct responses in the first sorting test. However,
the two other participants in Group 3 (P19868 and
P19855) had a number of correct responses in the
first MTS test that were very close to the test criteri-
on and showed the formation of equivalence classes
in the follow-up test 1.

Finally, we did not specifically test in advance
whether the participants knew the relations be-
tween the names of foods on the stimulus cards and
the actual foods. However, we assume that in the
present experiment, when adults served as partici-
pants all names of the food items presented on the
stimulus cards were known.

Understanding carbohydrates holds significant
educational and social value for populations across
various age groups and cultural backgrounds.
Carbohydrates, being a primary source of energy,
play a central role in diet and health. Future studies
could also examine the distinctions between simple
and complex carbohydrates, as complex carbohy-
drates offer greater health benefits. Investigating
participants who have a heightened focus on nu-
tritional content, such as those following specific
diets or managing lifestyle diseases like diabetes,
may reveal differences in knowledge acquisition
and retention.

Marin and Fienup (2024) described a hypothet-
ical experiment with different levels of lower mas-
tery criteria of baseline relation before testing for
emergent relations. Such an arrangement could be
helpful in studying the effects of retraining and re-
testing participants who did not form equivalence
classes. Projects similar to the present experiment
could, by such an arrangement, find more effective
methods to form classes of food items categorized
by carbohydrate levels.

Summary

This study replicated and extended Arntzen and
Eilertsen (2020), incorporating additional food
items during sorting. Emergent relations were
consistently observed across all groups in the
MTS post-tests and maintained over a three-week
period. Sorting tests yielded similar results for
Groups 1 and 2, with responses remaining stable
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across the follow up tests. Although sorting re-
sults for Group 3 were slightly lower than those
for the MTS tests, they also remained consistent
over time.
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Table 1. Overview of the Stimuli and Number of times stimuli were used for conditional discrimination training

and testing

1 No. of 2 No. of 3 No. of
times times times
Less than 20 20-40 More than 40
Thousand Island max 3% fat 10 Crispy fried onions 9 Egg noodles 11
Grilled sausage 8 Chili explosion 6 Raw quinoa 8
Peanut butter 6 Ice creme strawberry 6 Raisins 7
Fishing sticks 5 Pizza Grandiosa Original 6 Coarse rolls 5
Banana 5 Boiled basmati rice 5 Polar bread 5
Liver paté 5 Chilli nuts 5 Wasa smallholder crispbread 5
Mustard B Brown cheese G35 4 Cornflakes 4
Cottage cheese 4 French fries (frozen) 4 Rice cakes 4
Whipped cream (37 % fat) 4 Cooked pasta 4 Sweet chili sauce 4
Blueberry 3 Taco spice mix 4 Special K Breakfast Cereals 3
Canned chickpeas 3 Dark chocolate (70%) 3 White pepper 3
Fresh garlic 3 Cooked couscous 3 AXA fruit muesli 2
Grape 2 Tomato paste 3 Garlic powder 2
Nestea iced tea 1 BigOne classic 2 Freia milk chocolate 2
Carrot 1 Oat bread 2 Oatmeal 2
Potato 1 Ketchup 1 Taco shells 2
Semi-skimmed milk 1 Cashews 1 Popcorn 1
Almonds 0 Pancakes 1 Tortilla 1
Brie cheese 0 Toro Waffles 0 After Eight 0
Raspberry 0 Baking powder 0 Salt sticks 0

Note. A “Don’t Know” stimulus was available for participants in Conditions 2 and 3.

Table 2. Overview of Parameters for Trained and Tested Relations Groups 1 and 2

Relations and trials per block

Mastery and test criterion (%)

consequences (%)

Probability of programmed

First relation 15 AC trials 95 100

Second relation 15 BC trials 95 100

Mix 30 AC and BC trials 95 100, 75, 50, 0
Testing 30 baseline, 30 symmetry, and  Minimum 100 of each 0

30 equivalence trials

relationship type

AC, BC, CA, CB, AB, BA
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Table 3. Overview of Parameters for Trained and Tested Relations Group 3

First relation 15 AE ftrials 95 100
Second relation 15 BE trials 95 100
Mix 1 30 AE and BE trials 95 100, 75, 50, 0
Third relation 15 CE trials 95 100
Mix 2 45 AE, BE, and CE trials 95 100, 75, 50, 0
Fourth relation 15 DE trials 95 100
Mix 3 60 AE, BE, CE, and DE trials 95 100, 75, 50, 0
Testing 60 baseline, 60 symmetry, and 180 equivalence  Minimum 100 of each 0

trials relationship type

AE, BE, CE, DE, EA, EB, EC, ED, AB, AC,

AD, BA, BC, BD, CA, CB, CD, DA, DB, DC

Conditional Test for Emergent
Pre-sorting —>| discrimination |—> Relationsg
training
|
v
Maintenance Maintenance
Post-sorting —> MTS test —> Sorting
Follow-up test 1 Follow-up test 1
|
v
Maintenance Maintenance
MTS test —> Sorting
Follow-up test 2 Follow-up test 2

Figure 1. Flowchart of the Training and Test Phases
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Figure 2

Note. The right most bar in all panels is the average score of training blocks
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Tests After Conditional Discrimination Training
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Figure 3. MTS and Sorting Scores for Group 1
Note. The figure illustrates the percentage of correct trials in the MTS and sorting tests. * indicates zero

correct trials. #18981received remedial training and passed the first follow-up test.
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Tests After Conditional Discrimination Training
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Figure 4. MTS and Sorting Scores for Group 2

Note. The figure illustrates the percentage of correct trials in the MTS and sorting tests. * indicates zero correct trials.

#18957 and 18980 received remedial traing and passed the first follow-up test.
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Tests After Conditional Discrimination Training
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Figure 5. MTS and Sorting Scores for Group 3

Note. The figure illustrates the percentage of correct trials in the MTS and sorting tests. * indicates zero
correct trials. #18962 received remedial training and passed the first follow-up test.
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