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Abstract. Computer-Supported Collaborative Learning (CSCL) scripts aim to 

structure the process of collaboration creating opportunities for productive social 

interaction and learning. Despite CSCL research has shown these benefits for 

some scripts in particular contexts, more evidence is needed about to what extent 

learning gains are actually achieved for more families of scripts and in different 

conditions of implementation. This paper studies how three CSCL scripts based 

on the Pyramid collaborative learning flow pattern facilitate students learning in 

online classes. Learning gains are measured in terms of precision and confusion 

assessment criteria. Students’ behaviour in the learning process, regarding 

agreement in the knowledge exchange, is also analysed in relation to the learning 

gains. Results bring out several factors, and implications for the design of fruitful 

Pyramid scripts implementation, that related to the pedagogical envelope, the 

type of tasks, pyramid design elements, the need for epistemic orchestration, and 

debriefing.     

Keywords: Computer-Supported Collaborative Learning, Scripts, Collaborative 

Learning Flow Patterns, Learning Gains, Pyramid Script. 

1 Introduction 

Free collaboration does not necessarily induce productive interactions among students 

and therefore does not offer a guarantee of leading to effective learning gains [2]. 

Directly influencing desired students’ interactions by adhering to different strategies, 

such as using collaborative learning scripts, are seen to enhance students’ interactions 

during collaboration. Collaborative learning scripts prescribe how and when learners 

may interact, how learner groups require to be formulated, and how learners are 

required to solve problems together [7, 8]. In other words, scripts structure collaborative 

learning processes and can be seen as a detailed and explicit contract between teachers 

and learners [2]. Such guidance becomes important as learners may have a limited 

understanding of how to interact in collaborative learning situations, to share useful 

information, to build, and engage in fruitful argumentation [9]. A computational 

representation of a collaborative learning script forms what is known as a Computer-
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Supported Collaborative Learning (CSCL) script, that provides opportunities to 

mediate and guide the implementation of the collaborative learning activities both in 

in-person and online learning situations. 

The notion of Collaborative Learning Flow Patterns (CLFPs) refers to an abstraction 

of broadly accepted collaboration scripts that structure the flow of collaboration [5]. 

Some of the well-known examples of CLFPs include Pyramid, Jigsaw, Think-Pair-

Share (TPS), and Thinking Aloud Pair Problem Solving (TAPPS) [5]. Through their 

design rationale, these CLFPs aim to structure collaboration. For instance, the Pyramid 

CLFP is expected to support learners in reaching an agreed solution for a complex 

problem that does not usually have a concrete solution [5]. First learners will study a 

given problem individually to propose an initial solution. Learners then join in small 

groups, usually in pairs to discuss their solutions, and to propose a shared solution at 

the small group level. The discussion and negotiation will repeat in growing sizes of 

groups following a Pyramid structure until the whole group reaches a common solution 

to the given problem. The design rationale of the script promotes equal participation, 

knowledge co-construction, and improved negotiation. The Jigsaw CLFP is expected 

to encourage intensive interactions among students as the completion of the task is not 

possible without all partners’ contributions. The design rationale of the script fosters 

positive interdependence. 

Even though CLFPs and scripts, in general, provide guidance and structure for 

collaboration, empirical studies that provide evidence to support the claim that scripted 

collaboration is effective for domain learning are lagging behind [15]. Moreover, how 

different factors, e.g., the type of task, script design elements, teacher regulation, 

influence domain learning during scripted collaboration is not fully understood yet. 

More research is needed to provide evidence of the benefits that scripted collaboration 

entails in real-learning situations and how such structured collaboration impacts 

students’ learning gains and the related design factors. To this end, the present study 

aims to generate more evidence in this field by studying how scripted CSCL activities 

lead to learning gains across three online learning situations scripted according to the 

Pyramid pattern. The study also contributes with two measurements namely: 1) level 

of precision and 2) level of confusion that can be used to evaluate learning gains in such 

CSCL scenarios. Moreover, students’ behaviour in the learning process, regarding the 

agreement with the knowledge exchange, is also analysed in relation to the learning 

gains. The findings of the study are discussed to shed light on different factors that may 

have influenced students’ learning across the cases and how different factors may lead 

to implications in the design and implementation of Pyramid scripts. The research 

question proposed in this study is “How does the Pyramid script impact students’ 

learning gains?” 

The rest of the paper is organized as follows. Section 2 explains the methodology 

followed. Section 3 presents the study results followed by section 4 which provides a 

discussion of the study findings. The final section provides concluding remarks and 

future research directions. 
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2 Methodology 

2.1 Collaborative scripting tool: PyramidApp 

In this study, a tool called PyramidApp was used to design and mediate interactions 

among students following the Pyramid pattern [12]. The tool implements the macro 

script structure employed by the Pyramid CLFP and has been used by teachers to 

implement CSCL activities in different learning situations [13]. The tool provides an 

authoring space for the teachers where they can design CSCL activities configuring 

several aspects such as the number of students expected, the number of levels in the 

Pyramid script, and the duration allocated to different phases of the script (details 

related to the design decisions of the tool are presented in [11]). Once done with the 

activity design teachers can generate a unique link to the activity which they can later 

share with students to enact Pyramid activities in their learning scenarios. The tool also 

provides a teacher-facing learning analytics dashboard through which teachers can view 

answers produced by individual students and agreed upon as well students’ 

participation at the group levels [1]. 

In PyramidApp collaboration among students is structured within several phases. 1) 

First, students are required to login into the tool and provide an individual answer to 

the given task. 2) Then students are allocated into small groups (2 < n <5) randomly 

where they get the opportunity to see the answers submitted by their peers. The tool 

provides a rating mechanism and a discussion space for students to discuss and rate for 

the best answers (see Fig. 1). 3) At the end of the small group level, the small groups 

are merged to formulate larger groups automatically. Within larger groups, students can 

then view the answers agreed upon at the small group level. Students can further engage 

in discussions at the larger group level and rate for the best answers to reach a consensus 

at the end of the activity. 

Fig. 1. User interface of the PyramidApp tool (rating space (left), discussion space (right). 
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2.2 Contexts and Tasks 

Two teachers from the Engineering School of a public university in Spain participated 

in our study. The design of each collaborative learning activity varied based on the 

teacher’s requirements to conduct CSCL activities in their respective sessions and the 

time available (see Table 1). 

Teacher A deployed two Pyramid scripts in her third-year undergraduate course 

named “Distributed Applications”. One activity was focused on analysing a scenario to 

identify requirements and in total 25 students (4 female, mean age = 20) took part in 

these activities. The other activity was related to analysing errors in a computer program 

and a total of 28 students (4 female, mean age = 20) participated. Teacher A allocated 

in total 9 minutes for each Pyramid activity and Pyramids consist of three levels, i.e., 

option submission level, first rating level, and second rating level. As Pyramid activities 

were conducted as part of a full-fledged course, before the Pyramid scripts teacher A 

provided explanations to students about the concepts to be applied in the tasks and how 

the collaboration activity is connected with what has been taught. 

Teacher B deployed a Pyramid activity within the context of an extracurricular 

workshop on social media. In Teacher B’s sessions, 24 first-year undergraduate 

students (4 female, mean age = 17) participated in the Pyramid activity. As shown in 

Table 1 teacher B allocated in total 5 minutes for her Pyramid activity and Pyramids 

consisted of two levels, i.e., option submission level and a single rating level. The task 

focused on analysing the effects of digital footprints through a reflection activity based 

on a fictional scenario. Previous to the Pyramid activity, the students received 

information about three influencers and their behaviour in social media and had some 

time to read the information. Following this information they had to identify positive 

or negative aspects of each influencer and based on their personal judgement they had 

to select who would be more appropriate for a job position. 

Table 1. A summary of collaborative learning activities conducted. 

Teacher Scenar

io 

Activity 

Duration 

Pyramid 

Levels 

No. of 

students 

Task Educational 

Level 

 

 

 

A 

1st 9 mins. 3 25 Determine the 

non-functional 

requirements for a 

scenario of a 

distributed 

application. 

Third year 

undergradu

ate 

students. 

2nd 9 mins. 3 28 Identify errors in 

software code. 

Third year 

undergradu

ate 

students. 

B 3rd 5 mins. 2 24 Reflect about 

social media 

threats in digital 

footprint 

scenarios. 

First year 

undergradu

ate 

students. 
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In both teacher A’s and teacher B’s sessions students were given training on how to 

use the PyramidApp for collaboration prior to the experimental sessions reported in this 

study. Students provided their informed consent before participating in the activities. A 

post-activity questionnaire asking students to rewrite an answer to the given task was 

administered immediately after the Pyramid activity. 

 

2.3 Variables 

Together with the teachers who participated in this study we came up with two scales 

to measure the learning gains namely: 1) level of precision and 2) level of confusion 

(see Table 2 and Table 3). We define the level of precision as the degree of agreement 

between a particular measurement (student’s response) with an accepted standard 

(teacher’s response). The level of confusion is defined as the degree of 

misunderstanding present in a student’s response (e.g., mistakes, misconceptions, 

incorrect ways of organizing facts and figures). Both precision and confusion become 

two important variables to be considered when evaluating learning gains in Pyramid 

CLFP based collaboration due to a number of reasons. First, in our study both teachers 

proposed open-ended tasks to students, i.e., there were no simple “yes / no'' answers to 

a given problem but multiple correct solutions and elaborations were possible. In this 

regard, the level of precision indicates how far the answers produced by the students 

align with the teachers’ solutions and it also demonstrates the students’ knowledge of 

a particular subject domain [10]. Second, previous studies have shown that pedagogical 

approaches such as “productive failure” and “confusion” are conductive to learning, as 

it enables students to learn from their own mistakes [4, 6]. 

Therefore, it is possible to define the expectation for CSCL scripts, in terms of 

learning gains, as an increase in the levels of precision and a decrease in the levels of 

confusion as a result of the social interaction promoted by the script. In the case of 

Pyramid scripts, learning gains are expected to be achieved by a structure that enables 

students 1) knowledge exchange by contrasting their initial answer to a task with peers’ 

answers leading to socio-cognitive conflicts [14] in contrasting opinions, and 2) 

knowledge revision by discussing and selecting together the best possible answer. 

As a secondary variable, to further understand the learning process happening during 

the Pyramid script (while refining knowledge based on the knowledge exchange), we 

also examined the data tracked by the PyramidApp. In particular, we analyse the ratings 

provided to students’ submissions by group members across the pyramid rating levels. 

It is known that disagreement in collaborative learning can provoke rich argumentation 

leading to learning [11]. Yet, in the context of factual knowledge tasks, it would be 

expected that the collaboration process facilitates reconciliation of approaches, and 

therefore a minimized disagreement by the end of the learning activity. In Pyramid 

scripts, the expectation would be that in pyramid groups, students would identify 

confusion and (the most possibly) precise answers in their own and others’ submissions, 

rating accordingly the better submissions in each pyramid level, and therefore 

advancing in the pyramid flow towards more accurate knowledge. Thus, in this study, 

a possible expectation is that measures of (dis)agreement could be an indicator of 
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potential learning gains: the more the agreement, the more chances of reaching 

precise/non-confused answers; the more the disagreement, the more chances for 

reaching non-precise/confused answers.  

Section 3 reports to what extent different designs and implementations of Pyramid 

scripts are achieving those expectations, in terms of learning gains (precision, 

confusion) and (dis)agreement measures. 

Table 2. Level of Precision. 

Definition Measure 

Student’s response does not match the concepts presented in teacher's 

answers. 

0 – Not Precise. 

Student’s response is oriented to the concepts presented in Teacher’s 

response, but it is a lack of consistency. 

1 – Slightly Precise. 

Student’s response mostly aligns with the the concepts presented in 

Teacher’s response. 

2 – Almost Precise. 

Student’s response matches with the the concepts presented in 

Teacher’s response. 

3 –Precise. 

Table 3. Level of Confusion. 

Definition Measure 

Student’s response does not present any mistakes, biases, 

misunderstandings. It fully arranges the given information in his/her 

explanation or task performance. 

0 – None. 

Minor mistakes appear in student’s response, but these do not 

compromise the clarity of his/her explanation or quality in performed 

tasks. 

1 – Low. 

Mid-size mistakes appear in student’s response which may 

compromise his/her answers or performed tasks. 

2 – Intermediate. 

Critical mistakes are present in student’s response which misguide 

his/her explanation or performed task. 

3 – High. 

 

2.4 Data Analysis 

Statistical analysis was conducted using SPSS software (version 26). The paired-

sample t-test or wilcoxon signed rank test was used to report the learning gains based 

on the distribution (normality) of precision and confusion measures. 

To measure disagreement of students’ ratings we used standard deviation. For a 

given group a larger standard deviation indicates a higher disagreement, and a smaller 

standard deviation indicates a lower disagreement. As there were a number of groups 

formulated for a given Pyramid rating level, e.g., first rating level and second rating 

level, we calculated the average standard deviation to represent the disagreement as a 

whole for a given level. 
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3 Results 

3.1 Learning Gains 

As shown in Table 1, the different types of activities considered were: 1) Determine the 

non-functional requirements for a scenario; 2) Identify errors in software code, and 3) 

Reflect about social media threats. First, Teacher A and Teacher B evaluated the 

students’ answers for precision and confusion following the scales presented in Table 

2 and Table 3. Then they also indicated the learning gains for each student considering 

the precision and confusion presented in initial and post submissions. In the following, 

we present the results regarding learning gains for each Pyramid activity conducted.  

1st Scenario: Software Engineering problem: Determine non-functional 

requirements. In Fig. 2(a) and Fig. 2(b) each data point represents students based on 

the precision and confusion level scores assigned by Teacher A to their initial and post 

submissions. As shown in Fig. 2(a) the initial answers submitted by 44% of the students 

were precise (in different levels) but confusion was also present. Data points positioned 

on the positive X-axis indicates that 32% of the students submitted initial answers with 

levels of precision and without levels of confusion. Data points in (0,0) position indicate 

that initial answers submitted by 24% of students were not precise but confusion related 

elements were also not detected. As shown in Fig. 2(b) when considering the post 

submissions, it can be seen that 56% of students submitted post submissions that were 

in general more precise than in the initial submission, but confusion was still also 

present. 44% of students submitted post submissions with positive levels of precision 

without levels of confusion. 

Fig. 2. Precision and Confusion: Initial Submission vs. Post Submission in the 1st scenario. 

In the following we provide a summary of the students’ learning gains in terms of 

precision and confusion (difference between the post submission and the initial 

submission). In Fig. 3 a data point in red indicates cases without learning gains and 

green indicate cases with learning gains. The data points in the Q1 quadrant show that 

16% of students’ answers have an increased precision but also present an increase in 
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confusion. Data points in Q4 quadrant indicate increased precision and decreased 

confusion in 12% of students’ answers. Data points positioned on the positive X-axis 

also indicate increased precision and zero confusion in 52% of students’ answers. Such 

scenarios, i.e., increased precision and decreased confusion and increased precision and 

zero confusion in students’ answers indicate a clear learning gain (being a total of 64%). 

A data point in (0,0) position indicates that 16% of students’ answers did not indicate a 

change in precision and confusion. Q3 quadrant indicates decreased precision but also 

decreased confusion in one students’ answer.  In terms of levels of precision, post 

submissions reached a higher average value (M = 2.076; SD = 0.69) when compared to 

the initial submissions (M = 1.11; SD = 0.89). A paired sample t-test indicated 

statistically significant differences; t (24) = 5.8, p < .01. Regarding the average levels 

of confusion, post submissions reached higher average values (M = 1.4; SD = 1.32) 

when compared to the initial submissions (M = 1.24; SD = 1.45). A wilcoxon signed 

rank test indicated the difference was not significant; T = 13, z = 0.71, p > .05. 

 

Fig. 3. Learning Gains in the 1st scenario. 

2nd scenario: Programming problem: Identifying errors in code. In Fig. 4(a) and 

Fig. 4(b) each data point represents students based on the precision and confusion 

scores assigned to their initial and post submissions by Teacher A for a programming 

problem. As shown in Fig. 4(a) the initial answers submitted by a student (3.6%) 

consisted of both precision and confusion related elements. Data points positioned on 

the positive X-axis indicate that 50% of students submitted initial answers with levels 

of precision and without presenting confusion. Data points in (0,0) position indicate 

that initial answers submitted by 25% of students were not precise but confusion related 

elements were also not detected. Data points along the Y-axis indicate that 21.4% of 

students submitted initial answers that were not precise and included confusion-related 

elements. As shown in Fig. 4(b), when considering the post submissions, it can be seen 
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that 10.72% of students submitted post submissions that were precise, but confusion 

was also present. 78.57% of students submitted post submissions that were precise and 

in those submissions, confusion was not detected. 10.71% students’ submitted post 

submissions that did not indicate a change in precision and confusion.  

 

Fig. 4. Precision and Confusion: Initial Submission vs. Post Submission in the 2nd scenario. 

In the following we present a summary of students’ learning gains in the 2nd scenario 

in terms of precision and confusion. In Fig. 5 a data point in red indicates cases without 

learning gains and green indicates cases with learning gains. The data points in the Q1 

quadrant show that 7.14% of students’ answers have an increased precision but also 

present an increase in confusion. The assessment of the teacher clearly indicated that 

this was a case of confusion propagation in the knowledge revision, where students 

adopted incorrect knowledge exchanged by another student (about a supposed error in 

the code that was not such). Data points in the Q4 quadrant indicate increased precision 

and decreased confusion in 17.86% of students’ answers. Data points positioned on the 

positive X-axis also indicate increased precision and no modification in the level of 

confusion in 42.86% of students’ answers. A data point along the Y-axis indicates that 

7.14% of students’ answers show a case of no increase in precision but a decreased 

confusion. Cases including increased precision and decreased confusion, increased 

precision and no modification in the level of confusion, and no increase in precision 

but decreased confusion indicate a clear learning gain (being a total of 67.86%). A data 

point in (0,0) position indicates that 25% of students’ answers did not indicate a change 

in precision and confusion. No data points fall into Q2 and Q3 quadrants. In terms of 

average levels of precision, the post submissions were more precise (M = 1.80; SD = 

0.93) when compared to the initial submissions (M = 0.87; SD = 0.92). A wilcoxon 

signed rank test indicated that this difference was significant; T = 0, z = 3.86, p < .01. 

In terms of levels of confusion, post submissions consisted of less confusion (M = 0.11; 

SD = 0.31) when compared to the initial submissions (M = 0.36; SD = 0.73). A 

wilcoxon signed rank test indicated the difference was not significant; T = 9, z =1.73, 

p >.05. 
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Fig. 5. Learning Gains in the 2nd scenario. 

3rd scenario: Reflect about social media threats in digital footprint scenarios. For 

the third learning scenario, in Fig. 6(a) and Fig. 6(b) each data point represents students 

based on the precision and confusion scores assigned to their initial and post 

submissions by Teacher B. As shown in Fig. 6(a) the initial answers submitted by 

79.16% of the students had some level of precision but confusion was also present. A 

data point positioned on the positive X-axis indicates that a student (4.17%) submitted 

an initial answer that was slightly precise and in the answer, confusion was not detected. 

Data points along the Y-axis indicate that initial answers submitted by 16.67% of 

students were not precise and confusion related elements were detected. 

Fig. 6. Precision and Confusion: Initial Submission vs. Post Submission in the 3rd scenario. 
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As shown in Fig. 6(b) when considering the post submissions it can be seen that 

62.5% of students submitted post submissions that had levels of precision but confusion 

was also present. Data points along the Y-axis indicate that 37.5% of students submitted 

post submissions that were not precise and in those submissions, confusion was 

detected. 

In the following a summary of students’ learning gains in the 3rd scenario in terms 

of precision and confusion are presented. In Fig. 7 a data point in red indicates cases 

without learning gains and green indicate cases with learning gains. The data points in 

the Q1 quadrant show that 20.83% of students’ answers have an increased precision but 

also present an increase in (propagated) confusion. This scenario presents cases (data 

points) in the Q2 quadrant, indicating that 37.5% of the students’ revised answers 

presented a decreased precision and increased confusion. Q3 quadrant indicates 

decreased precision but with decreased confusion in one students’ answer (4.16%). 

Data points in the Q4 quadrant indicate increased precision and decreased confusion in 

one students’ answers (4.16%). Only such cases (in Q4) indicate a clear learning gain 

(i.e. 4.16%). Data points in (0,0) position indicate that there were no changes in 

precision nor in confusion in 16.66% of students’ answers. Data points positioned on 

the negative X-axis indicate decreased precision and no changes in confusion in 12.5% 

of students’ answers. A data point positioned on the positive Y-axis indicates no 

changes in precision but increased levels of confusion in one students’ answer (4.16%). 

Finally, in terms of average levels of precision the post submissions were less precise 

(M = 0.68; SD = 0.75) when compared to the initial submissions (M = 1.15; SD = 0.81). 

A paired sample t-test indicated significant differences; t(23) = -2.2, p <.05. In terms of 

confusion, post submissions presented more average levels of confusion (M = 2.52; SD 

= 0.56) when compared to the confusion presented in initial submissions (M = 1.93; SD 

= 0.81). A paired sample t-test indicated that this difference was significant; t(23) = 4.3, 

p < .01. 

 

Fig. 7. Learning Gains in the 3rd scenario. 
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3.2 (Dis)agreement measures in ratings across the collaborative learning flow 

As mentioned before (see Table 1) teacher A conducted Pyramid activities with two 

rating levels and Teacher B conducted a Pyramid activity with one rating level. As 

shown in Fig. 8 in teacher A’s class in general the disagreement seems to decrease in 

the second rating level showing that students are reaching an agreement as the Pyramids 

evolve in time. In teacher B’s class disagreement was observed for the first rating level 

of the Pyramid activity. As there was no second rating level in this class, we couldn’t 

compare the differences of the level of disagreement across Pyramid levels in this case. 

 

Fig. 8. Disagreement during Pyramid activities. 

3.3 On how results align with the expectations 

The results provide interesting findings regarding the stated expectations (section 2.3). 

In terms of learning gains, the expectation was that “Pyramid scripts can lead to an 

increase in the levels of precision and a decrease in the levels of confusion”. The results 

show that it is actually the case in two out of the three learning scenarios analysed. In 

particular, in the 1st and the 2nd scenarios, clear learning gains in terms of precision are 

observed. Yet, the levels of precision achieved are not maximized for most students and 

some (but limited) propagation of confusion is observed. On the contrary, in the third 

scenario, the situation was that the knowledge exchange and the knowledge revision 

guided by the Pyramid script did not lead to learning gains in terms of maximizing 

precision and minimizing confusion. Moreover, the activity contributed to the creation 

and propagation of confusion. 

In terms of measures of (dis)agreement and to what extent it be an indicator of 

potential learning gains, the expectation was that “the more the agreement, more 

chances reaching precise/non-confused answers; the more the disagreement, the more 

chances for reaching non-precise/confused answers”. As summarised in Fig. 8 during 

the 1st scenario and 2nd scenario the disagreement became low in the second rating level 

of the Pyramid script. Moreover, as commented above in the 1st and the 2nd scenarios 
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clear learning gains in terms of precision are observed. These results suggest that the 

study findings are in alignment with our expectations that a high agreement creates 

more chances to reach precise/non-confused answers. Moreover, the disagreement 

observed within the first rating level of the Pyramid script in the 3rd scenario can be 

interpreted as a lower level of agreement creates chances to reach non-precise/confused 

answers. 

The next section discusses how these results suggest that several factors may affect 

the potential learning gains facilitated by these scripts and implications for the design 

of Pyramid scripts implementation. 

4 Discussion: Factors and implications for design and 

implementation 

The present study aimed to analyse how scripted Pyramid CSCL activities could lead 

to learning gains across three different online learning scenarios. Overall findings 

suggest that scripted CSCL activities can enhance learning outcomes although the 

precision and confusion in learning gains may depend on teaching scenarios and 

mediating factors. In our consideration, factors such as the pedagogical envelope, the 

type of tasks, pyramid design elements, the need for epistemic orchestration and 

debriefing may have influenced the design and implementation of the examined 

Pyramid activities. The following section discusses how factors may have affected the 

results of the study.  

 

4.1 The pedagogical envelope: prior activities 

As observed in the data analysis, learning outcomes in the designed activities varied 

from class to class. Results obtained from Teacher B’s class activity may suggest 

contrary expected outputs. Nevertheless, it is important to observe the nature of the 

activities and the prior experience of students with the explored topic. Teacher A’s 

activities were part of a formal lesson and therefore students were familiar with the 

class and the teaching materials. Conversely, Teacher B’s activity occurred in an 

extracurricular environment. Enrolled students were not asked for any prior 

preparation, and the activity was used as an ice breaker activity to encourage students 

to meet each other.  

 

4.2 The type of task 

The results of the study indicated that the type of task can have an impact on the 

students’ learning gains in these scripted learning situations. Precision and confusion 

in post submissions varied in all developed tasks (1st scenario and 2nd scenario showed 

more precision and less confusion while 3rd scenario showed less precision and more 

confusion). Although confusion is propagated in all tasks, results show that openness 

of the task might lead to major confusion. Teaching activities in 1st scenario and 2nd 

scenario presented more answer-oriented exercises in contrast to 3rd scenario which 

demanded dealing with assumptions based on previous experiences and personal 
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opinions. Although open-ended tasks can be given to students with the expectation that 

tasks will create an opportunity for students to negotiate and co-construct a solution, 

current study findings show that these types of tasks require careful consideration and 

intervention of teachers to achieve the intended learning outcomes. 

 

4.3 Pyramid design elements: pyramid levels 

Pyramid flow design elements may have also had an impact on the findings. In 

comparison to the two rating level activities, single rating level activity may have not 

provided opportunities for students to revise their knowledge in the process of reaching 

an agreement. As observed in the analysis, the level of disagreement between students 

tended to decrease with the increasing levels of group phases of the Pyramid script. 

Post submissions in the 1st scenario and 2nd scenarios, where Pyramid activities 

consisted of two rating levels showed increased precision whereas the 3rd scenario in 

which Pyramid activity consisted of a single rating level did not produce significant 

learning gains. These findings are aligned with the findings of previous similar research 

[14]. 

 

4.4 The need for teacher intervention: epistemic orchestration 

Another possible explanation for the results can be connected to the role of the teacher 

in monitoring the scenario. Teachers’ intervention is essential to mediate cases where 

top levels of precision are not achieved, and confusion occurs so that confusion related 

elements do not propagate to the subsequent levels of the activity. Commonly referred 

to as orchestration in these types of learning situations teachers are required to manage 

collaboration in real-time [3]. Teachers not only have to regulate students’ participation 

in groups, but they also need to constantly evaluate the content produced by students 

that can also be described as epistemic orchestration of the learning activity. This could 

be supported, for example, by learning analytics tools such as teacher-facing 

dashboards, through which they can monitor a large number of groups simultaneously, 

and embedded warning mechanisms that alert teachers automatically to the relevant 

indicators [1]. These indicators could include the presence of confusion, decreased 

precision in students’ answers, and increased disagreement that can facilitate their 

epistemic orchestration, overall contributing to establish a fruitful collaborative 

learning climate. 

 

4.5 Pedagogical envelope: the need for teacher-led debriefing 

Connected to the preceding idea, a suitable intervention by the teacher during the 

learning scenarios have a potential influence on the learning gains. Teacher-led 

debriefing activities at the end of learning activities can contribute to reflect on the 

conflicting points with the whole class. Noted confusing elements in students’ answers 

can be discussed at the end of the activity with the whole class by the teacher [4]. 

Teacher-facing dashboards can assist teachers in flagging answers consist of confusing 

elements that require discussion at the individual, group, or whole class level. 
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5 Conclusions and Future Work 

This paper aimed to explore how Pyramid pattern-based learning scripts impact 

student’s learning gains. The findings of the study have shown that the observed 

differences in the learning gains at three different cases can be interpreted by referring 

to a number of different factors: the pedagogical envelope; the type of task; Pyramid 

design elements; the need for teacher intervention and need for teacher-led debriefing. 

Moreover, based on the improved precision observed in students’ post submissions it 

is evident that the particular Pyramid pattern-based CSCL activities conducted using 

the PyramidApp facilitate learning. However, the aforementioned factors require 

careful consideration. 

There are several limitations of this study. First, the number of cases we considered 

is low and with each case representing a different task for collaboration. The number 

of students participated in each activity is relatively low and the prior activities they 

engaged in are different across the cases. Although teachers who participated in the 

study agreed precision and confusion as valid measurements to evaluate learning gains, 

the precision and confusion assigned to students’ answers are strictly dependent on the 

teacher’s personal judgement. The above limitations can have an impact on the obtained 

learning gains. However, the exploration of these factors needs to be acknowledged as 

an important contribution of our work. In the future, we are planning to explore further 

how some of these design elements, specifically the teachers’ aspects related to 

epistemic orchestration and teacher-led debriefing, can influence the precision and 

confusion presented in students’ answers and therefore learning gains. Moreover, in the 

future, it is also important to extend a more detailed analysis of the student's behaviour 

during the learning process (e.g., chat discussion) to further understand relevant 

indicators (such as (dis)agreement measures) of potential learning gains.    
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