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Abstract
Few randomized controlled trials have evaluated social media study  groups as 
educational aids in the context of online and blended teaching programs. We pre-
sent the Behavioral Education in Social Media (BE-Social) intervention package, 
which integrates key evidence-informed behavioral intervention strategies deliv-
ered through a closed social media study group. BE-Social combines instructor-
mediated cooperative learning and self-management training via multimedia posts 
and video modeling. Forty-six students were randomly assigned to a default online 
program (control)  group or default online program plus BE-Social (intervention) 
group. Intervention outcomes included academic performance and social media 
engagement (reactions, comments). A mixed-effect ANOVA showed that individu-
als in the BE-Social group attained higher academic performance, F (1, 46) = 18.37, 
p < .001, η2 = .34). On average, the intervention produced a 20-point increase in aca-
demic performance over a 100-point scale and significant increases in social media 
engagement. A parallel single-subject analysis revealed that intervention gains were 
not always consistent across participants. Findings are consistent with the view that 
social media platforms provide a prosthetic social milieu that can enrich traditional 
education by maximizing social rewards through increased interaction opportunities 
and timely positive feedback. We propose the digital environment reward optimiza-
tion hypothesis to denote these processes.

Keywords Adult learning applications · Cooperative/collaborative learning · Post-
secondary education · Social media · Teaching/learning strategies

Online education has increased steadily over the last 30 years, experiencing an expo-
nential leap during 2020 due to the COVID-19 pandemic (UNESCO, 2020). Online 
and blended learning programs are now near-universal in tertiary education in many 
countries. A radical change in the teaching channel will inevitably modify the 
social dynamics motivating academic behaviors. Some authors have suggested that 
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peer-to-peer and instructor-mediated social media experiences may help to replace 
the social environment of traditional education that online education may be lacking 
(Susanto et al., 2021).

As of 2023, there are 4.8 billion distinct social media users across platforms 
worldwide (Statista, 2023). Consistently with the widespread use of social media 
among college and university students, some higher education institutions have 
integrated these tools into their courses (Schworm & Gruber, 2012; Tang & Hew, 
2017). Yet, the potential of social media to enhance academic participation and per-
formance has seldom been evaluated (Aslan, 2021). It remains unclear whether the 
added interaction opportunities for instructors and learners brought about by social 
media platforms may have a quantifiable impact on academic performance.

Social Media and Education

The concept of social media refers to digital platforms with core functionalities for 
producing and sharing content, as well as facilitating user interaction with the mate-
rial and with other users through a variety of engagement responses (Mao, 2014). 
Engagement responses include reacting, commenting, and reposting content, among 
others (see a behavior-based taxonomy by Tarifa-Rodriguez et  al., 2023). Some 
studies have shown that over 90% of students use social media to discuss academic 
content with their peers (e.g., Madge et  al., 2009). Junco (2012) stated that edu-
cation professionals can take advantage of these widespread educational spaces to 
improve student experience and performance (see similar claims by Hicks & Graber, 
2010; and Smith, 2012).

Among the numerous social media platforms available, several surveys have 
identified Facebook as highly popular among college and university students in vari-
ous countries (Cheung et al., 2011; Michikyan et al., 2015; Wang et al., 2011). Face-
book allows for the exchange of synchronous and asynchronous information and 
facilitates interaction through thematic closed groups, instant messaging, push noti-
fications, and other key functionalities (Mazman & Usluel, 2010). Researchers have 
often discussed the possibility of taking advantage of Facebook’s educational capa-
bilities (see, for example, Garcia et al., 2015; Kalelioğlu, 2017; and Selwyn, 2009). 
Numerous survey studies suggest that the parallel use of Facebook as an interac-
tion channel in tertiary education may promote collaboration, communication, peer-
mediated feedback, and cognitive and social skills (Arteaga-Sánchez et  al., 2019; 
Aydin, 2012; Doleck & Lajoie, 2018; Hurt et al., 2012; Mazman & Usluel, 2010). 
For example, Al-Rahmi et al. (2015) found a positive correlation between increased 
self-reported participation in social networks and curricular engagement. Despite 
the many assertions by survey studies in support of the role of social media in edu-
cation, the existing evidence is mixed. Doleck and Lajoie (2018) summarized 23 
peer-reviewed studies and failed to establish consistent gains in academic perfor-
mance caused by adding social media platforms to formal university courses.

A potential caveat to the existing literature may be that its focus is often on the 
channel rather than the educational practices. An obvious research extension in this 
field would involve identifying evidence-based behavioral education strategies that 
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may be compatible with the social media environment and, second, evaluating the 
quantitative effects of specific evidence-based practices when delivered through 
social media channels in tertiary education.

Evidence‑Based Educational Practices and Social Media

Several evidence-based behavioral education strategies may be compatible with 
the social media channel. These include cooperative learning strategies (including 
immediate feedback through instant messaging and push notifications) and self-man-
agement training for effective study habits via multimedia posts and video modeling.

Cooperative Learning

Cooperative learning is a teaching–learning strategy and a learning environment 
whereby students actively work together in small groups to achieve particular learn-
ing objectives or complete specific tasks. The approach implies active participa-
tion, collaboration, and communication among students (Gillies, 2016). Coopera-
tive learning has been identified as a predictor of increased academic performance, 
reportedly due to its effect on student participation and self-reported motivation 
(Ataie et al., 2015; van Ryzin et al., 2020). Critical aspects of cooperative learning 
include timely sharing of information and resources, small-group learning, and posi-
tive interdependent interactions mediated by an instructor (see a meta-analysis for 
school-age applications in Little et al., 2014). In addition, peer-mediated feedback 
has also been identified as a central component of a cooperative learning environ-
ment. For example, a study by Yu and Chen (2021) indicated that peer-mediated 
feedback in a university-level science course had a greater impact on academic per-
formance than instructor-mediated feedback. Since the 2000s, authors have stated 
that higher education institutions can benefit from interaction opportunities and 
instant communication in social media platforms (see, for example, Pempek et al., 
2009; and Yuan & Wu, 2020). For instance, Hsu (2018) has shown that students 
receiving immediate and relevant feedback via instant messaging showed greater 
course engagement and academic performance.

Self‑management

Self-management strategies typically involve goal setting, performance self-mon-
itoring, self-evaluation, and self-reinforcement components (Briesch & Chafou-
leas, 2009; Cooper et al., 2019). Self-management skills allow students to actively 
acquire adequate study habits, a crucial mediator of academic performance (e.g., 
Credé & Kuncel, 2008). While self-management strategies have been used most 
often in organizational and clinical settings, a variety of applications among univer-
sity studies have also been reported, whether learning to play a musical instrument, 
studying a new language, or presenting academic material, among others (Kitsantas 
et al., 2004; Malott, 2012).
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Video Modeling

Social media platforms offer intriguing opportunities for training study behavior via 
video modeling, including study self-management skills. Video modeling has been 
defined as presenting a video of a model performing a target skill to a learner (Bell-
ini & Akullian, 2007). While there is no precedent of video modeling with neuro-
typical tertiary education students, this approach is readily compatible with social 
media’s synchronous and asynchronous video functionalities, for example, for mod-
eling appropriate study habits.

Goals of the Study

After selecting critical evidence-based behavioral education strategies that would 
be fully compatible with the social media channel (i.e., cooperative learning, self-
management, video modeling), we aim to present and evaluate the above-mentioned 
strategies as part of a behavioral intervention package for adult students. The Behav-
ioral Education and Social Media (BE-Social) program presented here features the 
following intervention components: (a) timely instructor and peer-mediated feed-
back (thorough instant messaging and push notifications), and (b) study habits self-
management training via multimedia posts and video modeling (through synchro-
nous and asynchronous video posts).

The goal of the current study is to evaluate the overall impact of the BE-Social 
program on social media engagement and academic performance in a cohort of col-
lege-level adult students. An ancillary goal involves evaluating the overall contri-
bution of timely feedback to the BE-Social intervention package. We chose timely 
feedback as a distinct assessment goal due to the added instructor hours required 
relative to the other program components. This is the first randomized controlled 
trial (RCT) to evaluate the impact of social media aids on academic performance.

Methods

Participants and Setting

Participants were students of a 1  year online postgraduate course in applied psy-
chology (applied behavior analysis with a focus on autism intervention) delivered 
in Spanish. The course started in October 2019 and ended in May 2020. Students 
accessed the curricular content in weekly lessons through a Moodle platform. In 
addition, all students had access to a closed Facebook group (general Facebook 
group). In contrast, participants in the intervention group had access to an additional 
Facebook group through which the intervention was delivered (BE-Social Facebook 
group). We invited eighty students meeting the following inclusion criteria to par-
ticipate: (a) student had been inactive in the general Facebook group during the first 
3 months of the course, and (b) student had an average performance in weekly mul-
tiple-choice course content tests below 80%. Participants were randomly assigned 
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to the two arms of the study (i.e., BE-Social intervention group and control group). 
Forty-six students agreed to participate by providing informed consent; 28 were 
assigned to the BE-Social group and 18 to the control group. The age, sex, educa-
tional level, reading comprehension skills, and pre-entry course content knowledge 
of participants in both groups were not significantly different (see Table 1). All stu-
dents who initially accepted participation remained in the study until its completion. 
To be part of the social media group, the students had to accept the group rules, 
including discussing only academic material and refraining from sharing group con-
tent with others outside the group. Participants were not aware of the study hypoth-
eses and goals.

The study took place between February and May 2020. Throughout the study, 
students were experiencing various forms of lockdowns in their respective residen-
tial areas due to the COVID-19 pandemic. The study methods were approved by the 
ethics committee of the Universidad Autónoma de Madrid (Approval Number CEI 
112-2204).

Dependent Variables

Course Content Tests

Participants completed tests for each of the course’s weekly lessons. Each test com-
prised 15 multiple-choice items with three distractors and one correct answer. We 
computed test scores by dividing correct responses by 15 and converting that ratio 
into a percentage. To minimize content-specific effects (e.g., lower performance 
in weeks with particularly challenging tests or course contents), participants were 
allowed to complete the test of a given lesson at any time within a 3-week window 

Table 1  Sociodemographic characteristics of study participants

No significant differences identified in single-factor ANOVAs. Pre-entry reading and content scores were 
evaluated through ad hoc multiple-choice tests completed before the start of the course. All pre-entry 
scores range over a 10-point scale

BE-social group (n = 28) Control group (n = 18) Overall (n = 46)

Age, M ± SD 41.86 (8.11) 40.67 (8.99) 41.39 (8.39)
Gender, % (n)
 Female 96.42 (27) 88.9(16) 93.48(43)
 Male 3.70 (1) 11.11 (2) 6.52(3)

Country, % (n)
 United States 82.14 (23) 83.34 (15) 82.61 (38)
 Other 17.86 (5) 16.67 (3) 17.39 (8)

Highest academic degree
 Bachelor’s 85.71 (24) 77.78 (14) 82.61 (38)
 Master’s 14.28 (4) 22.22 (4) 17.39 (8)

Pre-entry reading score, M ± SD 5.39 (3.10) 6.78 (1.93) 5.93 (2.76)
Pre-entry content score, M ± SD 4.46 (2.90) 4.83 (1.98) 4.61 (2.56)
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starting on the week when the lesson was delivered. In addition, participants were 
allowed to complete missing tests during the last three weeks of the study. This 
meant that the number, timing, and sequence of tests varied slightly across par-
ticipants. Participants completed 12 to 14 content tests throughout the study. Par-
ticipants took the tests through a Moodle platform. Tests were self-corrected upon 
completion.

Social Media Engagement Outcomes

Social media engagement outcomes may be important to document the teach-
ing–learning process. For example, reacting to a course-related post (e.g., clicking 
the like icon) suggests a degree of exposure to the material. In addition, comment-
ing on a course-related post may indicate a degree of elaboration of the course con-
tent referred to in the post. We computed the frequency of reactions (e.g., likes) and 
comments (e.g., responses to an instructor’s post) per week for each participant. An 
independent observer tallied Facebook reactions and comments for every participant 
weekly across the general and BE-Social Facebook groups over a 16-week period. 
For each participant in the control group, we summed the weekly number of reac-
tions and comments in the general Facebook group. Likewise, for each participant 
in the intervention group, we calculated two separate dependent variables: the total 
number of weekly reactions and the total number of weekly comments posted across 
the general and the BE-Social Facebook groups.

Experimental Design

We used a two-arm simple randomization RCT. Specifically, those meeting the 
inclusion criteria were randomly assigned to the intervention and control groups. 
This approach ensures unbiased and independent participant allocation, statistical 
validity, ease of implementation, transparency, and minimal manipulation. Partici-
pants in the control group underwent an extended time series without receiving the 
intervention.

We studied single-subject effects with a concurrent multiple-baseline design 
(Bailey & Burch, 2018). As part of the single-subject analysis, participants in the 
intervention group were randomly assigned to four predetermined baseline lengths 
staggered in successive three-week blocks (except for vacation breaks, lessons were 
delivered weekly). Twelve participants were assigned to a six-week baseline, 7 par-
ticipants were assigned to a 9-week baseline, and 9 participants were assigned to a 
13-week baseline (this period included the Eastern week break).

The RCT and the single-subject experimental design were compatible and were 
implemented concurrently (Virues-Ortega et  al., 2023). The duration of study 
phases was determined by both the academic program duration and the need to 
ensure that the level of data aggregation was consistent across participants for the 
purposes of the group-based analysis. To compensate for relatively short base-
lines in the multiple-baseline design, we added control group participants who 
did not receive the intervention to the multiple-baseline triads. Because treatment 
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inception could not be delayed until baseline stability was achieved, we expected 
that those undergoing “extended baselines” would help inform the baseline pre-
diction function (Cooper et al., 2019, p. 164). Figure 1 presents a diagram with 
the temporal distribution of the baseline and intervention phases for all groups 
and baseline lengths across successive weeks.

Procedure

Before the start of the first baseline, a course instructor created (and adminis-
tered from that point onward) the two closed Facebook groups required to imple-
ment the intervention (i.e., general and BE-Social Facebook groups). In the sec-
tions below, we describe the procedures for the control group and the intervention 
group (see again Fig. 1 for the timeline of the study phases).

Baseline

All participants had access to the general Facebook group for a period of at least 
6 weeks before the start of the intervention (Fig.  1). Participants in the control 
group remained in the general Facebook group throughout the duration of the 
study. The general Facebook group was intended as an opportunity for students 
to gain additional exposure to the course. The instructor posted daily multiple-
choice study questions. Students could not create novel posts but could respond 
to course content-related posts. The instructor provided general feedback once a 
week on each post immediately before turning off commenting for that post.
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Fig. 1  Temporal Distribution of the Study during Baseline (light gray bars), Full Intervention (black 
bars), and Intervention without Timely Feedback (diagonal pattern bars). Notes W = Weeks
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Intervention

In addition to their participation in the general Facebook group, individuals in the 
intervention group were invited to participate in the BE-Social Facebook group, 
which incorporated the evidence-informed intervention components described 
below. The full intervention was implemented for a 3-week period. Individuals in 
the shorter baselines received the intervention without timely feedback for a few 
additional weeks (Fig. 1).

Cooperative Learning The BE-Social group allowed student peer- and instructor-
mediated feedback. The instructor posted daily open-ended questions for partici-
pants to gain additional exposure to the material and create interaction opportu-
nities. In addition, the instructor engaged in various actions intended to create a 
cooperative learning environment: (a) providing personalized and timely instruc-
tor feedback within the same day on student comments, including corrective feed-
back and social praise (hereinafter referred to as timely feedback), (b) praising 
students that gave feedback to peers, and (c) creating posts and comments encour-
aging students to share materials they had elaborated (i.e., summaries, glossaries, 
flashcards). Social praise was specific; praise statements referred to discrete desir-
able behaviors (e.g., “Thanks for lending a hand to Lizbeth on question x!”). The 
instructor was available over a continuous four-hour period at designated times 
during weekdays for the first three weeks of the intervention period (Fig. 1).

Self‑management Training via Multimedia Posts and Video Modeling The instruc-
tor created daily textual and multimedia posts presenting selected study self-
management strategies. Posts were intended to promote independent study habits 
and organizational skills. The instructor focused on study goal setting, self-mon-
itoring, and self-reinforcement skills (see a selection of study self-management 
posts in the Supplementary Information, Appendix  1). Self-management posts 
remained accessible to participants for the duration of the intervention phase. In 
addition, the instructor streamed three one-hour video modeling sessions intended 
to enhance studying and self-management skills. The instructor used elements of 
the behavioral skills training protocol by Parsons et al. (2013). Specifically, video 
modeling sessions started with a description of the target skill. Then, a demon-
stration of the target skill with additional examples (i.e., problem-solving applied 
scenarios, engaging in study self-recording) followed by a 10-min Q&A session 
(see an example of the timeline of a video modeling post in the Supplementary 
material, Appendix 2). Video modeling sessions closed with the instructor encour-
aging students to practice the target skill and thanking those who attended. Videos 
remained accessible through the BE-Social Facebook group for the duration of the 
intervention phase.

Intervention without Timely Feedback Given that individualized, timely feedback 
was the most resource-intensive element of the multi-component BE-Social pro-
gram, we limited timely instructor feedback to the first three weeks of intervention 
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for each participant. Specifically, elements (a) and (b) of the cooperative learn-
ing component were only available for the first three weeks of the intervention. 
We conducted separate analyses to determine whether participants continued to 
engage with the group (by reacting to posts and posting comments) following the 
timely feedback period. Participants continued to be exposed to all other elements 
of the multi-component package during this phase (i.e., peer feedback, self-man-
agement, and video modeling posts), but they did not receive individualized feed-
back from the instructor.

Both the general and the BE-Social groups allowed students reactions to posts 
and comments (e.g., “liking” a post or comment), comments on posts, or other com-
ments. Students were not allowed to publish primary posts.

Interobserver Agreement and Procedural Integrity

While data generation was automated, we studied the interobserver agreement 
(IOA) of the data extraction process. A secondary observer extracted occurrences 
of Facebook reactions and comments from 25% of the BE-Social Facebook group 
posts. An agreement was defined as the two observers recording an equal number of 
reactions (or comments) for a given post. We computed IOA as the number of posts 
with agreement divided by the total number of posts evaluated. The IOA for both 
reactions and comments equaled 94%.

In order to evaluate whether key aspects of the intervention were delivered as 
intended, we documented the percentage of student posts in the BE-Social group 
that received feedback within a 24-h period and the percentage of students in the 
BE-Social group that visualized posts published by the instructor or by peers. We 
studied procedural integrity in 25% of randomly selected instructor and student posts 
of the BE-Social group. Two independent observers extracted the number of visuali-
zations per post, the timestamp of the first student input, and the timestamp of the 
first instructor feedback. The analysis indicated that the mean percentage of students 
visualizing posts was 87% (range, 65–96%) and that 100% of the student’s inputs 
received feedback within a 24-h cycle (feedback latency: Me = 14 min, M = 3.9 h, 
range, 0.0–21.1 h). The IOA of the procedural integrity data extraction process was 
96, 98, and 94% for visualizations, student input timestamp, and instructor feedback 
timestamp, respectively.

Social Validity

We collected unsolicited feedback from all study participants as provided after the 
end of the intervention phase through Facebook comments, messages, and emails. 
We then classified comments as positive, negative, or neutral and computed the per-
centage of unsolicited positive feedback for participants in the control and interven-
tion groups. In addition, we separated feedback comments into individual sentences 
and conducted a theme analysis with the 3rd Eye theme analysis algorithm (Huner-
berg, 2019). The algorithm groups distinct sentences that share common sets of 
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words. The output displays these groups as topics labeled with the words shared by 
all the elements within them. The elements of topics are not categorized exclusively, 
so distinct elements may be grouped into multiple topics (e.g., “The videos helped 
me solve my many questions” could be integrated into four different topics: “video,” 
“helping,” “solving,” and “question”).

Analysis

We conducted a two-factor mixed-effect analysis of variance (ANOVA) with Time 
as a within-subjects measures factor (Time 1: baseline, Time 2: intervention, Time 
3: intervention without timely feedback) and Group as a between-subjects factor 
(control group, BE-Social intervention group). The analysis was repeated for the 
three main outcomes: course content tests, reactions, and comments. The effect of 
the intervention without timely feedback was evaluated only among individuals in 
the intervention group with short (n = 12) and medium (n = 7) baselines. We com-
puted η2 effect sizes for all main and interaction effects. All analyses were conducted 
with SPSS (IBM Corp., 2019). An alpha value of 0.05 was used throughout.

In order to determine whether the attained sample size led to a sufficiently pow-
ered analysis, we conducted a series of post hoc power analyses with the G*Power 
software (Faul et  al., 2009, a priori power analyses are available upon request). 
The achieved power values for course content tests were 1.00 (η2 = 0.34, effect size 
f = 0.72, rbaseline-to-treatment = 0.12, critical F = 4.06, n = 46), 0.96 (η2 = 0.21, effect size 
f = 0.52, rbaseline-to-treatment = 0.12, critical F = 3.01, n = 46), and 0.97 (η2 = 0.30, effect 
size f = 0.65, rbaseline-to-treatment = 0.12, critical F = 3.56, n = 46) for the Group, Time, 
and interaction effects, respectively.

We conducted visual and statistical analyses of the single-subject experimental 
design. In order to facilitate the visual analysis of the single-subject dataset, the 
time series of all outcomes were organized in three-week blocks with the exception 
of the block that included the Eastern break week, which was four weeks in dura-
tion (Week 10 through Week 13). Because content tests for a given lesson remained 
available through the Moodle platform for a three-week window, participants could 
complete a varying number of tests during each three-week period. Therefore, con-
tent test performance was graphed as successive rather than weekly events. Engage-
ment responses (reactions and comments) were aggregated in consecutive weekly 
periods. Participants were ranked by mean baseline performance and assigned to 
multiple-baseline triads. Each triad included two participants with different baseline 
lengths (e.g., 6 week and 9 week baselines) and a participant with an extended base-
line who did not receive the intervention. The range of baseline performance within 
each triad was below 10% (range, 0.1–7.8%).

In addition to the visual analysis, we analyzed the single-subject dataset by com-
puting between-case standardized mean differences (BC-SMD) and 95% confidence 
intervals for all outcomes (tests, comments, reactions) and relevant two-term com-
parisons: baseline to intervention, baseline to intervention without timely feedback, 
intervention to intervention without timely feedback, and baseline to intervention 
(Hedges et al., 2012, 2013). We computed BC-SMD with the SPSS macro DHPS 



1 3

Journal of Behavioral Education 

(Marso & Shadish, 2015). BC-SMD effect sizes may be interpreted according to the 
usual guides for Cohen d effect sizes (Cohen, 1988; Sawilowsky, 2009).

Results

Content Tests

The mixed-effect ANOVA revealed a main effect of Group, F (1, 46) = 18.37, 
p < 0.001, η2 = 0.34, and Time, F(2, 46) = 9.13, p < 0.001, η2 = 0.21, on content tests 
performance (Table 2). The Mauchly test (p = 0.187) suggested that the sphericity 
assumption was met. The main effect of Time should be attributed to the interven-
tion effect within the intervention group. Specifically, when the effect of Time was 
restricted to those in the control group, the main effect of Time was not statisti-
cally significant, F (2, 18) = 2.78, p = 0.81, η2 = 0.14. In fact, there was a significant 
Time X Group interaction for content test performance, F (2, 37) = 14.65, p < 0.001, 
η2 = 0.30. A pairwise comparison restricted to the intervention group using a Bon-
ferroni adjustment revealed a statistically significant difference for the mean differ-
ence between baseline and treatment (p < 0.001) and the mean difference between 
baseline and intervention without timely feedback (p = 0.002). The mean differ-
ence between the two sequential forms of intervention (BE-Social with and with-
out timely feedback) was not significant (p = 1), suggesting that intervention gains 
remained after withdrawing timely feedback.

The full multiple-baseline time series is presented in Fig. 2 (participants 1 through 
18), Fig.  3 (participants 19 through 36), and Fig.  4 (participants 37 through 46). 

Table 2  Two-way analysis of variance during baseline (Time 1), Intervention (Time 2), and Intervention 
without timely feedback (Time 3)

G = Group; T = Time
* p < .05. **p < .01. ***p < .001

BE-social Control Mixed-effect ANOVA

M SD M SD Effect F ratio df, n η2

Content tests
Time 1 38.55 10.51 39.23 10.79 G 18.366*** 1, 46 .34
Time 2 61.56 16.49 38.58 15.94 T 9.130*** 2, 46 .21
Time 3 58.36 18.13 33.30 13.51 T × G 14.648*** 2, 37 .30
Comments
Time 1 0.00 0.00 0.00 0.00 G 9.616* 1, 46 .18
Time 2 14.22 23.91 0.00 0.00 T 3.255 1.49, 46 .07
Time 3 21.78 39.66 0.00 0.00 T × G 3.255 1.49, 37 .07
Reactions
Time 1 0.00 0.00 0.00 0.00 G 68.073*** 1, 46 .61
Time 2 52.67 30.53 0.00 0.00 T 12.569** 1.14, 46 .23
Time 3 82.96 75.40 0.00 0.00 T × G 12.569** 1.14, 37 .23
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Fig. 2  Single-Subject Analysis of Participants 1 through 18. Notes Percentage of correct content test 
responses and weekly frequency of engagement responses are scaled on the left and right y axes, respec-
tively. Polygonal lines separate baseline and treatment phases. Broken vertical lines separate successive 
3-week periods (vacation breaks not counted). Arrows indicate the withdrawal of timely feedback
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The visual analysis reveals that the effect of the intervention was largely idiosyn-
cratic. Specifically, 15 participants showed an immediate moderate-to-large effect 
upon the start of the intervention with moderate to minimal overlap (P1, P2, P4, 
P10, P13, P16, P22, P23, P25, P26, P31, P34, P35, P37, P40). By contrast, 12 par-
ticipants showed no discernable effect through the visual analysis, with considerable 

Fig. 3  Single-Subject Analysis of Participants 19 through 36. Notes See graphical conventions in Fig. 2
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overlap across the baseline and intervention time series (P5, P7, P8, P11, P14, P17, 
P19, P20, P28, P29, P38, P42). Most participants showing an intervention effect 
maintained their performance after withdrawing timely feedback. However, for P13 
and P37, the effect of the intervention quickly disappeared upon the withdrawal of 
timely feedback. Only one participant (P43) exposed to an extended baseline (con-
trol group) showed a consistent change in performance coinciding with intervention 
transition dates. In addition, three participants undergoing the extended baseline (P3, 
P42, and P46) showed transient increases in performance. Moreover, none of the 
participants receiving the intervention showed a detrimental effect on performance 
during the treatment and post-treatment phases. A summary of the visual analysis is 
available in Table 3. The single-subject analysis seemed critical to ascertain incon-
sistencies in treatment effects among participants.

The single-subject effect size analysis generally confirmed the findings of the 
group analysis (Table 4). Specifically, large effect sizes were found in the baseline-
to-intervention comparisons. As shown in the mixed-effects ANOVA, the interven-
tion-to-intervention without timely feedback comparison revealed that the interven-
tion gains persisted largely unaffected after timely feedback had been withdrawn.

Fig. 4  Single-Subject Analysis of Participants 37 through 46. Notes See graphical conventions in Fig. 2
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Facebook Group Engagement

The Mauchly test for the repeated-measures ANOVA for both Facebook group 
comments and reactions was significant (p < 0.001), suggesting that the spheric-
ity assumption was not met. Therefore, we used the Greenhouse–Geisser correc-
tion for degrees of freedom and p values. The mixed-effect ANOVA of the rand-
omized controlled trial revealed a main effect of Group on Facebook engagement 
responses, including reactions, F (1, 46) = 68.07, p = 0.07, η2 = 0.6, and comments, F 
(1, 46) = 9.62, p < 0.05, η2 = 0.18 (Table 2). We also identified a main effect of Time 
for reactions, F (1.14, 46) = 12.57, p < 0.01, η2 = 0.23, but only a statistical trend 
for comments, F (1.49, 46) = 3.26, p = 0.06, η2 = 0.07. The main effect of Time on 
Facebook reactions may be attributed entirely to the intervention group; the control 
group produced no reactions or comments in the general Facebook group throughout 
the study. Moreover, there was a significant Time X Group interaction for reactions, 
F (1.14, 46) = 12.57, p < 0.01, η2 = 0.23. A pairwise comparison using a Bonferroni 
adjustment revealed a statistically significant difference for mean comments between 
baseline and intervention (p < 0.05), but not between baseline and intervention after 
timely feedback was withdrawn (p = 0.08). The mean difference in comments across 
intervention periods (with and without timely feedback) was not significant (p = 1). 
The analysis suggests that the increased number of comments during treatment 
was generally maintained after the withdrawal of timely feedback, even though the 
group-based analysis lacked sufficient power to establish significant Time by Group 
interactions for comments. The pairwise comparison with Bonferroni adjustments 
for reactions revealed a statistically significant difference in the mean difference 
between baseline and intervention (p < 0.001) and between baseline and interven-
tion after the withdrawal of timely feedback (p < 0.001). The difference in reactions 
between intervention periods (with and without timely feedback) was not significant 
(p = 0.51), suggesting that the effect of the intervention remained unaltered after the 
withdrawal of timely feedback.

Figures  2, 3, and 4 present the complete multiple-baseline analysis for all par-
ticipants. Visual analysis reveals that the effect of engagement, as measured by reac-
tions and comments, was not always consistent across participants. Except for P19, 
all participants showed a rapid increase in reactions upon the start of the intervention 

Table 4  Multiple baseline design effect size analysis of participants in the intervention group (n = 28)

BL = Baseline; Int = Intervention; INT W FB = Intervention with timely feedback; INT W/O FB = Inter-
vention without timely feedback

Hedges g (95% confidence intervals)

Content tests Reactions Comments

BL to INT W FB 1.04 (0.88, 1.20) 4.34 (3.85, 4.83) 0.81 (0.65, 0.97)
BL to INT W/O FB 0.89 (0.70, 1.08) 3.96 (3.66, 4.26) 0.81 (0.64, 0.98)
INT W FB to INT W/O FB 0.00 (− 0.21, 0.21) 0.76 (0.51, 1.01) 0.11 (− 0.13, 0.35)
BL to INT 0.93 (0.38, 1.48) 2.83 (2.58, 3.08) 0.66 (0.50, 0.82)
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(P19 showed a delayed increase in reactions). By contrast, only 16 participants 
showed a rapid rise in comments (P2, P4, P10, P13, P20, P22, P23, P25, P26, P29, 
P31, P32, P34, P38, P40, P41) and one additional participant (P16) demonstrated a 
delayed increase in comments. Overall, the increase in comments was more modest 
than that observed for reactions. None of the participants showed clear evidence of 
the rise in engagement being transient or dependent on timely feedback. Finally, a 
few individuals showed an apparent correlation between content tests performance 
and engagement (particularly reactions) during the intervention phase (P4, P7, P11, 
P22, P23, P25, P28, P31, P34, P37).

The single-subject effect size analysis was consistent with the findings of the 
group analysis, both suggesting relatively larger effect sizes for reactions than com-
ments (Table 4). In addition, baseline-to-intervention effect sizes were larger before 
the withdrawal of timely feedback for reactions, but not for comments. Interestingly, 
the single-subject effect size analysis produced identical baseline-to-intervention 
effect sizes for comments before and after the withdrawal of timely feedback, which 
is a slight departure from the results of the mixed-effects ANOVA. This difference 
may be attributed to the greater sensitivity to within-phase trends of the Hedges g 
effect size.

Social Validity

Fourteen participants (50%) of the BE-Social group provided unsolicited positive 
feedback (P2, P10, P11, P13, P14, P19, P20, P25, P31, P32, P38, P40, P41). We did 
not receive any neutral or negative feedback from the BE-Social group. No unsolic-
ited feedback was received from participants in the control group. The top five the-
matic words or topics in the unsolicited feedback messages according to a sentence-
by-sentence theme analysis were instructor (9 entries, 28.12% of repeated entries), 
support (4, 12.5%), videos (3, 9.38%), knowledge (3, 9.38%), and time (3, 9.38%). 
The context for these themes included gratitude toward the instructor for sharing 
knowledge, devoting time to students, and supporting them. Comments also men-
tioned the utility of the video posts.

Discussion

The current study provides evidence supporting the practical implementation and 
potential impact on academic performance of an evidence-informed interven-
tion package delivered through a closed Facebook group. The BE-Social program 
was intended as an adjunct to a one-year postgraduate course in applied psychol-
ogy delivered through a Moodle platform. The overall results indicated a consid-
erable increase in engagement indices and academic performance. Specifically, 
academic performance, as evaluated by frequent multiple-choice objective tests, 
demonstrated a 20-point increase in the intervention group over a 100-point scale. 
It is important to emphasize that students did not receive course credit for complet-
ing the tests. Therefore, there was no apparent motivation for engaging in academic 
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dishonesty. Intervention gains persisted after timely feedback had been withdrawn. 
A single-subject analysis indicated that intervention gains were primarily driven by 
a subgroup of 15 individuals responding particularly favorably to the intervention 
(Table 3). Interestingly, about half of these responders showed an apparent covaria-
tion between social media engagement and gain in academic performance over the 
course of the intervention.

Theoretical Considerations

Digital social interaction through social media platforms has already become more 
prevalent than face-to-face and analogical forms of social interaction. Social media 
platforms are designed to enhance interaction. We would expect that the immediacy 
of communication and other response-inducing social media functionalities (e.g., 
push notifications, multi-device capability, labeling, engagement-dependent badges, 
and multimedia content) were critical to the effects of the intervention (Changsu 
et al., 2016; Méndez et al., 2014). The behavioral procedures composing the multi-
component intervention were amenable to the social media channel, and their effects 
on academic behavior might have been enhanced by social media functionalities. 
For example, immediacy has been established as one of the key elements of feed-
back effectiveness in online education (see, for example, Jensen et al., 2021). More-
over, the ephemeral nature of social media feeds means that delayed feedback may 
be less likely to impact the audience (e.g., the recency of the relevant context may 
be lost).

There is ample evidence to suggest that social media engagement is, to a signifi-
cant extent, a function of the social rewards that users receive for their active online 
behavior. For example, in a series of quantitative analyses, Lindström et al. (2021) 
showed that the latency of posting behavior (a dimension of behavior strength) was 
a function of the number of likes received in preceding posts. In addition, users tend 
to provide more feedback to others after they themselves have received positive 
feedback (Eckles et al., 2016). It has also been shown that social comparison affects 
social media feedback similarly to non-social rewards (e.g., Rosenthal-von der Püt-
ten et al., 2019). These findings and the apparent effect of feedback immediacy fit 
well with a reward learning model of online behavior.

Our results are consistent with the view that instructor- and peer-mediated feed-
back are forms of social reward that activate student engagement. Course content 
engagement as part of a Facebook group provides a social milieu that, in addition 
to replacing (totally or partially) the traditional social context of learning, may also 
enhance interaction opportunities (i.e., easy access to a community, regularly posted 
content) and timely social reinforcement (peer- and instructor-mediated feedback). 
The digital environment reward optimization hypothesis denotes this mechanism. 
Specifically, social media engagement may be a function of operant parameters, 
such as reinforcer delay, reinforcement rate, reinforcer magnitude, and schedule 
(e.g., Lindström et al., 2021). Because of the numerous actors involved in a social 
network (potentially large numbers of students and instructors), the low effort 
involved in responding, the salience of the input received from others (e.g., instant 
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push notifications), and the virtually infinite opportunities to respond, social media 
may induce greater engagement than traditional learning contexts, where students 
may have fewer engagement opportunities. By reward optimization, we simply sug-
gest that students may match the potential rate of reinforcement of the online envi-
ronment through increased engagement responses (see an analogous example of the 
matching law in Borrero et al., 2007).

In the current study, enhanced engagement may result in improved content expo-
sure, content repetition, and content elaboration, which are known mediators of 
information acquisition and, ultimately, academic performance (Zheng et al., 2015). 
Incidentally, the matching process that may be leading to adequate course engage-
ment in the current study may also be present in problematic internet use, such as 
internet addiction, a high-prevalence condition among college-level students (e.g., 
Joseph et al., 2021).

The current evaluation of the BE-Social package suggests that increased opportu-
nities for operant learning brought about both by evidence-based teaching–learning 
strategies (e.g., video-modeling, regular content posting) and social media function-
alities (e.g., timely feedback, low response effort, content sharing) may maximize 
social reinforcement for engagement responses, some of which are important ele-
ments of effective study behavior (e.g., content elaboration, problem-solving). Key 
elements of this conceptual framework were not directly assessed here. Future stud-
ies could evaluate the impact of discrete elements of the BE-Social program on 
engagement frequency and latency as a function of various social reward parameters 
(e.g., likes received, contingent commenting, and praising). The study by Lindström 
et al. (2021) already provides an experimental paradigm in this direction. Elaborat-
ing the proposed hypothesis further would require an ample laboratory and transla-
tional research program.

Methodological Considerations

The current study borrowed methods from the mainstream behavioral education 
literature that had not been evaluated in the context of social media. For example, 
video modeling has been used predominantly to teach social skills (Sherer et  al., 
2001), daily living skills (Kellems et al., 2016), vocational skills (Kellems & Morn-
ingstar, 2012), and academic skills (Cihak et al., 2009) to people with developmen-
tal disability (see a systematic review in Park et al., 2019). However, video modeling 
has not been used to enhance self-management skills in tertiary education. Video 
modeling presents a significant research opportunity in this context as it has several 
unevaluated applications. These include content elaboration, public speaking deliv-
ery style, and study behaviors during long-duration study sessions (e.g., “study with 
me” videos), to mention a few.

The study featured a novel channel for delivering feedback with evidence-
informed formal requirements (e.g., low-latency feedback, feedback specific to a tar-
get academic behavior). Social media platforms can facilitate timely communication, 
allowing instructors to address questions, clarify concepts, and, more importantly, 
encourage peer-to-peer communication outside the formal lecture environment (e.g., 



 Journal of Behavioral Education

1 3

Tarifa-Rodriguez et  al., 2023). They provide frequent opportunities for students 
to have positive and safe interactions (in part due to the instructor’s oversight and 
explicit group rules) and enjoy diverse perspectives. Also, the accessibility of these 
platforms ensures low latency and frequent communication, possibly explaining the 
apparent reinforcement effect that we see in various engagement responses.

Randomized controlled trials (RCTs) often mask individual or subgroup effects 
(Frieden, 2017). The current study featured a combination of RCT and single-sub-
ject research methodologies, a key strategy to ascertain idiosyncratic effects (Smith, 
2012). While RCTs are ideal for outcome research, they may be less practical when 
novel multi-component interventions are being evaluated and fine-tuned. Single-
subject experimental designs are increasingly used in education to identify delayed 
effects, transient effects, and specific groups of non-responders (Ledford & Gast, 
2018). In the current analysis, only about 60% of participants in the intervention 
group demonstrated an apparent gain in academic performance. This suggests that 
the intervention may be optimized further by adding new intervention components, 
adjusting the intensity of the existing ones, or evaluating the impact of the various 
intervention elements in the BE-Social package separately and in various combina-
tions (see a review of component analysis methods for behavioral interventions in 
Ward-Horner & Sturmey, 2010). Some novel elements that may be added in future 
research include more systematic token and social reinforcement contingencies for 
peer-mediated feedback, integration of instructor-trained large language models as a 
vehicle for cost-effective immediate feedback, and direct evaluation of the complex-
ity of student textual inputs.

The “parallel” approach to group-based and single-subject analyses used here 
was not without challenges. For example, we did not have the luxury of extending 
the baseline length to attain stability. The study had to fit within the tight schedule 
of the academic program, and the combination of a multiple-baseline design and an 
RCT meant that baseline durations were predetermined. While the extended base-
lines showed that performance in content tests might be inherently variable (i.e., 
variability would not have been “fixed” by extending the baseline), they did not 
show consistent trends or changes in level, thereby supporting the prediction func-
tion of the baseline.

The current study also features an assortment of relevant methodological strat-
egies appropriate for using a social media platform for educational purposes in 
naturalistic settings. Specifically, the proposed direct measurement, interobserver 
agreement, and procedural integrity strategies provide the basis for evaluating edu-
cational interventions in this context. Future studies would benefit from purposely 
developed applications intended for real-time monitoring of key outcomes of the 
teaching–learning process as it unfolds in social media groups attached to online 
and blended learning programs. It would be a welcome addition to this literature to 
document more molecular outcomes such as feedback latency, length of feedback 
exchanges, peer-to-instructor feedback ratio, and automated text analysis, among 
others. Because we could only compute feedback latency retrospectively, this poten-
tially informative outcome was restricted to monitoring procedural integrity in the 
current study. The computational capability of extracting these and other outcomes 
may allow for their use by instructors as part of the teaching–learning process.
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Limitations and Future Directions

Various limitations to the current study should be noted. First, the amount 
of exposure to academic content was difficult to equate across the arms of the 
RCT. Specifically, the intervention procedures (e.g., additional opportunities for 
peer-to-peer interaction and video presentations of self-management strategies) 
required the perfunctory addition of course-related content resulting in additional 
exposure to course material among those in the intervention group. More research 
is needed to establish minimally disruptive strategies for equating the intensity of 
educational interventions delivered through social media (e.g., yoking the num-
ber of social media posts across groups).

Second, we did not experimentally explore the potentially mediating role 
of social media engagement in academic achievement. Various engagement 
responses may offer different information. Reactions provide evidence of senti-
ment and content reception, whereas comments may inform content elaboration 
and motivation, and may be subject to more complex analyses (e.g., latency of 
responding, text analysis). Moreover, the different levels of effort involved in 
reacting and commenting may explain the disparity in frequencies observed in 
these two indices (see Billington & DiTommaso, 2003, for a discussion on the 
impact of response effort on choice).

Third, more robust measures of academic performance may be achieved by 
adding proctored testing or proctored final examinations as part of the interven-
tion outcomes. While unsupervised tests may incur a positive bias (Steger et al., 
2020), the assessment system used here was identical across groups, and test 
items focused on applied scenarios, which cannot be solved by copying course 
contents, searching the Internet, or using AI engines.

Fourth, a gender gap is often observed in psychology courses (American Psycho-
logical Association, 2017), where there is a high proportion of female students, and 
this was certainly the case here. The unbalanced gender distribution in our sample of 
participants means that our findings ought to be replicated with diverse populations.

Fifth, future studies could determine whether the proposed intervention could 
also be implemented “autonomously” by trained students using pyramidal or 
peer-proctor training structures (see, for example, Erath et al., 2020; Svenningsen 
& Pear, 2011), which would help to optimize the cost-effectiveness of the inter-
vention even further. Cost analyses of this and other variations of the program 
would also be welcomed developments in this respect.

Sixth, the simple randomization strategy meant that the sample sizes across 
the control and intervention groups were likely to be unbalanced. While simple 
randomization often leads to unbalanced groups, as was the case here, it remains 
a randomization strategy minimally prone to bias (Schulz & Grimes, 2002).

Finally, as noted in the methodological section, the proposed program incor-
porated several intervention elements (cooperative learning, feedback, and self-
management training via multimedia posts and video modeling). Future studies 
could optimize the intervention by evaluating the relative impact of these various 
components through component analyses, multi-arm RCTs, and other methods.
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Practical Implications

The study showed how a time-efficient intervention could result in a mean 20-point 
gain in academic performance. Specifically, 60 instructor person-hours were 
required to deliver the intervention to 28 students (person-hours per student = 2.1 
h). Further gains in efficiency may be possible by evaluating the specific effects of 
the various intervention components, focusing the intervention on low-performance 
students, optimizing the ratio between the feedback provided by peers and that pro-
vided by the instructor, and evaluating the scalability of the BE-Social program with 
larger groups.

Future studies may help to improve the promising effect of the BE-Social pro-
gram. The proposed intervention may have some knowledge transfer potential as 
is. In addition, the required teaching repertoire may be easily acquired by instruc-
tors (e.g., self-management, video modeling, behavioral skills training, timely spe-
cific feedback) after adequate training. Our findings suggest that the intervention 
gains may be observed within days of its inception, consistent with the duration of 
semester-long or shorter courses. In addition, positive student feedback (analyzed 
qualitatively in the social validity section) suggests that the intervention may also 
favor motivation, social climate, and positive peer-to-peer and peer-to-instructor 
interactions.

Conclusions

With the near-universal growth of online education and social media use, social 
media adjuncts to online and blended learning programs are expected to increase 
over the foreseeable future. Unfortunately, this field has not yet emerged as an 
evidence-based practice. Educators’ choice of social media functionalities and 
the design of the social dynamics delivered through this channel may have a large 
impact on student engagement and performance (Chen et  al., 2020). The current 
study shows that a closed Facebook group may be a promising channel for deliver-
ing a multi-component behavioral intervention, including cooperative learning, self-
management, and video modeling intervention elements, with adult students attend-
ing an online postgraduate course. Our findings are consistent with the view that 
social media platforms provide a prosthetic social milieu that can enrich traditional 
education by maximizing social rewards through increased interaction opportunities 
and timely positive feedback. The proposed digital environment reward optimization 
hypothesis captures these processes.
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