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Comparing the effectiveness of Peer Instruction to Individual Learning during a chromatography course in a blended learning environment
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Peer Instruction has been recognized as an instructional method having a positive impact on learning compared to traditional lectures in science courses. This method has been widely supported by the socio-constructivist approach to learning giving a positive role to interaction between peers in the construction of knowledge. As far as we know, no study has been conducted from the socio-cognitive approach which suggests that individuals working alone perform better than those interacting with others in groups. Thus, the aim of the present study was to examine whether Peer Instruction improves learning when compared with an Individual Learning method that does not require any interaction with peers. After being randomly divided into either a Peer Instruction or an Individual Learning condition for a practical session as part of a chromatography course, students could consult online resources to search for elements of response to a series of multiple-choice questions which they answered using clickers at the beginning (pre-test) and end of (post-test) the session. Results revealed no difference between the two conditions on learning gain, and showed that the percentage of correct answers increased similarly from the pre-to the post-test in both conditions. Nevertheless, students perceived the Peer Instruction method as being more satisfying, engaging, and useful than the Individual Learning method. Overall, the findings revealed that the Peer Instruction method provides subjective benefits compared to the Individual Learning method, but failed to demonstrate a greater learning gain when students could interact than when they could not.

Introduction

Currently, researchers and instructors are working to develop new instructional strategies to encourage students to engage actively in classroom activities to improve learning and academic performance (e.g., [START_REF] Freeman | Active learning increases student performance in science, engineering and mathematics[END_REF][START_REF] Olapiriyakul | A guide to establishing hybrid learning courses: Employing information technology to create a new learning experience, and a case study[END_REF][START_REF] Stephenson | Electronic delivery of lectures in the university environment: An empirical comparison of three delivery styles[END_REF]. A number of instructional strategies have been privileged to promote active learning through peer-to-peer interactions. Based on the socioconstructivist approach to learning which gives a crucial role to social interaction in the construction of knowledge, researchers have demonstrated that discussion and collaboration between peers have a positive impact on learning (e.g., [START_REF] Dillenbourg | The evolution of research on collaborative learning[END_REF][START_REF] Doise | The social development of the intellect[END_REF][START_REF] Penuel | Theorizing the transformed classroom sociocultural interpretation of the effects of audience response systems in higher education[END_REF][START_REF] Vygotsky | Mind in society: The development of higher psychological processes[END_REF].

The present study used one of the most widely-known instructional methods based on the socio-constructivist approach, and popularized under the name of Peer Instruction [START_REF] Crouch | Peer Instruction: Ten years of experience and results[END_REF][START_REF] Mazur | Peer Instruction: A user's manual series in educational innovation[END_REF]. Its effectiveness has mainly been demonstrated by comparing it with the more traditional instruction method of lecturing. To our knowledge, no study has examined the effectiveness of the Peer Instruction method from a socio-cognitive approach when comparing its effects on learning to that of individuals working alone. According to this approach, in laboratory settings researchers have found that opportunities to interact with others may negatively influence performance of individuals in groups (e.g., Bond & Smith, 1986;[START_REF] Latané | Many hands make light the work: The causes and consequences of social loafing[END_REF][START_REF] Mueller | Why individuals in larger teams perform worse[END_REF][START_REF] Taylor | Does group participation when using brainstorming facilitate or inhibit creative thinking[END_REF]. Consequently, the goal of the present study was to examine whether Peer Instruction improved learning when compared with an Individual Learning method which did not require any interaction with others, and was not simply a condition in which students attended a lecture. In other words, individual learning was extended beyond lecturing through a control condition where students were active in their learning but could not interact with their peers. After briefly describing the Peer Instruction method, and providing the main findings on learning obtained with this method from a socioconstructivist perspective, the interest of the alternative socio-cognitive approach of Peer Instruction to extend the empirical evidence of its effectiveness will be considered.

The Peer Instruction method

Peer Instruction is an interactive student-centred instructional strategy for engaging students during class through a structured questioning process that improves learning of fundamental sciences. The method was initially developed by the Harvard physicist Eric [START_REF] Mazur | Peer Instruction: A user's manual series in educational innovation[END_REF] for a course entitled "Physics for Non-Majors". It aims to transform a course taught in a traditional lecture to a format that includes questions during the lecture, designed to actively engage students in discussions with their peers, and with students providing responses using remote answering devices or "clickers" also called "personal voting systems" or "audience response systems" [START_REF] Crouch | Peer Instruction: Engaging students one-on-one, all at once[END_REF][START_REF] Crouch | Peer Instruction: Ten years of experience and results[END_REF][START_REF] Duncan | Clickers in the classroom: How to enhance science teaching using classroom response systems[END_REF][START_REF] Mazur | Peer Instruction: A user's manual series in educational innovation[END_REF].

These commercial or open-source hand-held systems convey students' responses to the teacher's questions (see Wikipedia, 2015). They enable students to answer questions asked in class with real-time, anonymous feedback, and also allow students to compare their performance with others, thus providing an incentive to exchange their ideas and solutions (e.g., Bank, 2006;[START_REF] Crouch | Peer Instruction: Ten years of experience and results[END_REF][START_REF] Fies | Classroom response systems: A review of the literature[END_REF][START_REF] King | Staff perspectives on the use of technology for enabling formative assessment and automated student feedback[END_REF][START_REF] Mcdaniel | Test-enhanced learning in a middle school science classroom: The effects of quiz frequency and placement[END_REF]. Such electronic systems have been extensively used in many scientific disciplines (e.g., [START_REF] King | Gender differences in the use and effectiveness of personal response devices[END_REF][START_REF] Landis | Chemistry ConcepTests: A pathway to interactive classrooms[END_REF][START_REF] Macarthur | A review of literature reports of clickers applicable to college chemistry classrooms[END_REF], and a large number of studies have reported positive effects in learning contexts when clickers are used (e.g., [START_REF] Hinde | Using the personal response systems to enhance student learning: Some evidence from teaching economics[END_REF][START_REF] Kennedy | The association between students' use of an electronic voting system and their learning outcomes[END_REF][START_REF] King | Gender differences in the use and effectiveness of personal response devices[END_REF]Knight & Woods, 2005;[START_REF] Lucas | Using Peer Instruction and i-clickers to enhance student participation in calculus[END_REF][START_REF] Martyn | Clickers in the classroom: An active learning approach[END_REF][START_REF] Mayer | Clickers in college classrooms: Fostering learning with questioning methods in large lecture classes[END_REF][START_REF] Purchase | Gauging students' understanding through interactive lectures[END_REF][START_REF] Singh | Impact of peer interaction on conceptual test performance[END_REF][START_REF] Smith | Why peer discussion improves student performance on in-class concept questions[END_REF]. These positive effects have been attributed, at least in part, to the fact that clickers promote active learning and fruitful interactions between peers in the classroom (e.g., [START_REF] Anthony | Active learning in a constructivist framework[END_REF][START_REF] Blasco-Arcas | Using clickers in class. The role of interactivity, active collaborative learning and engagement in learning performance[END_REF]. Considering that such interaction between peers is a key component of active learning, the Peer Instruction method has been used to promote interactions between students, and to improve learning in a controlled way using clickers. Although different versions of the Peer Instruction method have been used, a typical sequence involves a series of steps and resembles a 'Think-Pair-Share' learning strategy (e.g., [START_REF] Lyman | The responsive classroom discussion: The inclusion of all students[END_REF][START_REF] Watkins | Just-in-Time Teaching and Peer Instruction[END_REF], whereby students have to think individually about questions before sharing ideas and solutions with their classmates, either in pairs or in groups of three or four (see Footnote 1).

The socio-constructivist approach to Peer Instruction

Based on the socio-constructivist approach (e.g., [START_REF] Dillenbourg | The evolution of research on collaborative learning[END_REF][START_REF] Doise | The social development of the intellect[END_REF], giving a central role to social interaction in the construction of knowledge, the Peer Instruction method has been recognized for its positive impact on learning by encouraging students to interact with their peers instead of remaining passive during a lecture (e.g., [START_REF] Crouch | Peer Instruction: Ten years of experience and results[END_REF][START_REF] Crouch | Peer Instruction: Engaging students one-on-one, all at once[END_REF]. The Peer Instruction method has mainly been demonstrated as being superior when compared to traditional methods, such as lectures attended by large numbers of students with no interaction (e.g., [START_REF] Hake | Interactive engagement versus traditional methods: A six-thousand student survey of mechanics test data for introductory physics courses[END_REF][START_REF] Mayer | Clickers in college classrooms: Fostering learning with questioning methods in large lecture classes[END_REF]. In contrast to traditional lectures, where the teacher's questions only elicit answers from the most motivated students, Peer Instruction is designed to involve all the students in the search for the solution, through discussion with peers. From this perspective, research has measured the method's learning gains, and has found that Peer Instruction not only makes students more active during lessons, but also stimulates learning, mainly by improving conceptual reasoning and problem-solving [START_REF] Crouch | Peer Instruction: Engaging students one-on-one, all at once[END_REF]. It has also been demonstrated that the proportion of correct answers supplied by students increases significantly after a period of peer discussion with their neighbours in the classroom (e.g., [START_REF] Hake | Interactive engagement versus traditional methods: A six-thousand student survey of mechanics test data for introductory physics courses[END_REF], even if all the responses in the group were initially wrong [START_REF] Singh | Impact of peer interaction on conceptual test performance[END_REF][START_REF] Smith | Why peer discussion improves student performance on in-class concept questions[END_REF]. In a classical study aimed to measure the learning gains of 6,542 introductory students enrolled in interactive or traditional physics courses over a semester, Hake (1998) examined the results obtained on multiple-choice questions in a pre-and post-test to assess student understanding of the basic concepts of Newtonian physics. Recently, it has been clearly demonstrated that interactive courses yield higher learning gains than traditional courses in many science disciplines (see also [START_REF] Deslauriers | Improved learning in a large-enrollment physics class[END_REF][START_REF] Freeman | Active learning increases student performance in science, engineering and mathematics[END_REF]. As for other peer-to-peer instructional methods, the learning gains of Peer Instruction may result from the peer discussions during which students try to solve a cognitive conflict, testing and debating ideas of others to produce a better response than their own (e.g., [START_REF] Corden | Group discussion and the importance of a shared perspective: Learning from collaborative research[END_REF][START_REF] Doise | The social development of the intellect[END_REF][START_REF] Nicol | Peer instruction versus class-wide discussion in large classes: A comparison of two interaction methods in the wired classroom[END_REF][START_REF] Weber | Learning opportunities from group discussions: Warrants become the objects of debate[END_REF]. Indeed, the cognitive conflict that arises from realizing that the views of others differ from one's own leads individuals to resolve their differences. This process may generate a deep understanding, and can include discussing in small groups which obliges students to consider a problem from different perspectives (e.g., [START_REF] Buchs | Competitive conflict regulation and informational dependence in peer learning[END_REF][START_REF] Springer | Effects of small-group learning on undergraduates in science, mathematics, engineering, and technology: A meta-analysis[END_REF].

As previously mentioned, the majority of studies have compared the effectiveness of Peer Instruction with traditional lectures (e.g., [START_REF] Hake | Interactive engagement versus traditional methods: A six-thousand student survey of mechanics test data for introductory physics courses[END_REF][START_REF] Mayer | Clickers in college classrooms: Fostering learning with questioning methods in large lecture classes[END_REF]. Recently, Freeman and collaborators (2014) claimed the importance of going beyond what they called 'the firstgeneration research', suggesting that "it is reasonable to raise concerns about the continued use of traditional lecturing as a control in future experiments. Instead, it may be more productive to focus on what we call 'second-generation research': using advances in educational psychology and cognitive science to inspire changes in course design" (Freeman et al., 2014, p. 8413).

From this perspective, up to now a few studies have examined Peer Instruction in a sociocognitive approach.

The socio-cognitive approach to Peer Instruction

Based on the socio-cognitive view of group functioning, a number of studies have demonstrated that group work may have a detrimental impact on performance compared to individuals working alone on a great variety of tasks from idea-generation to problem solving (e.g., Bond & Smith, 1986;[START_REF] Latané | Many hands make light the work: The causes and consequences of social loafing[END_REF][START_REF] Mueller | Why individuals in larger teams perform worse[END_REF][START_REF] Taylor | Does group participation when using brainstorming facilitate or inhibit creative thinking[END_REF]. For example, it has been shown that when the contributions of each group member are combined into the final group product (such as for additive tasks), individual effort in the group decreases, and the group fails (e.g., [START_REF] Latané | Many hands make light the work: The causes and consequences of social loafing[END_REF][START_REF] Steiner | Group processes and productivity[END_REF][START_REF] Taylor | Does group participation when using brainstorming facilitate or inhibit creative thinking[END_REF]. This effect is greatly influenced by group size, with individuals in larger groups exerting less effort (e.g., [START_REF] Latané | Many hands make light the work: The causes and consequences of social loafing[END_REF][START_REF] Mueller | Why individuals in larger teams perform worse[END_REF], assuming less responsibility for the tasks (e.g., [START_REF] Wicker | Assimilation of new members in a large and a small church[END_REF], and performing less well than individuals in small groups (e.g., [START_REF] Liden | Social loafing: A field investigation[END_REF]. Moreover, individuals in groups may also fail in tasks for which the solution is difficult to demonstrate to others (e.g., [START_REF] Lorge | Two models of group behavior in the solution of eureka-type problems[END_REF][START_REF] Laughlin | Social combination processes of cooperative problem solving groups on verbal intellective tasks[END_REF][START_REF] Laughlin | Demonstrability and social combination processes on mathematical intellective tasks[END_REF][START_REF] Steiner | Group processes and productivity[END_REF], and groups rarely perform better than their highest achieving members on such tasks (e.g., [START_REF] Hill | Group versus individual performance: Are N + 1 heads better than one?[END_REF][START_REF] Laughlin | Groups perform better than the best individuals on letters-to-numbers problems[END_REF]. Generally, individuals in groups are also greatly influenced by their group members (e.g., [START_REF] Asch | Effects of group pressure on the modification and distortion of judgements[END_REF][START_REF] Brooks | The influence of group discussion on students' responses and confidence during Peer Instruction[END_REF][START_REF] Lucas | Using Peer Instruction and i-clickers to enhance student participation in calculus[END_REF], and comparison with less performing members within groups may contribute to reducing performance because of a "downward matching" process consisting in assimilating oneself to those lower performers (e.g., [START_REF] Paulus | Social influence processes in group brainstorming[END_REF], or because less-prepared students may feel anxious about participating in the group, fearing they might be negatively evaluated by their peers [START_REF] Micari | Worrying about what others think: A social-comparison concern intervention in small learning groups[END_REF].

As research based on the socio-cognitive approach has demonstrated that working alone often yields better results than working in groups, it is important that the Peer Instruction method should be compared to a control condition in which students have to work individually without interacting with their peers, but using clicker devices for both conditions. Paradoxically, very few studies have compared these two conditions over the same time period in a controlled way. The exception is a recent study which demonstrated benefits of knowledge transfer for Peer Instruction compared to individualized learning [START_REF] Jones | The impact of collaborative and individualized student response system strategies on learner motivation, metacognition, and knowledge transfer[END_REF].

Although this study revealed improved knowledge transfer in the Peer Instruction condition, the learning gain benefits of engaging in peer discussions were not demonstrated from a pre-to a post-test. Consequently, it is necessary to go further by comparing the learning gain among students randomly arranged in small groups and who can interact (Peer Instruction condition) with students who have no opportunity to interact (Individual Learning condition). This comparison is important because many studies revealed that peer-to-peer interactions and collaboration lead to better learning outcomes compared to individual learning (e.g., [START_REF] Johnson | Cooperation and the use of technology[END_REF][START_REF] Lou | Small group and individual learning with technology: A meta-analysis[END_REF][START_REF] Perlmutter | Social influences on children's problem solving[END_REF].

Beyond testing the differences between these two instructional methods, the aim of the present study was to confront socio-constructivist and socio-cognitive approaches of learning.

Depending on the theoretical approach adopted, two alternative hypotheses may be formulated.

According to the socio-constructivist approach, a higher learning gain would be expected in the Peer Instruction condition than in the Individual Learning condition. On the other hand, according to the socio-cognitive approach, the learning gain should be higher in the Individual Learning condition than in the Peer Instruction condition.

Method

Participants

Participants were 50 chemical engineering students (27 women and 23 men) aged 19-24 years (M = 20, SD = 0.88) at a chemical engineering school. None of them had previously used a clickerbased system in their curriculum, or had experienced a Peer Instruction method.

Material

The experimental equipment consisted of a set of clickers and a receiver connected to a computer which, in turn, was linked to a video projector. A single software package (CPS Pulse, e-instruction® by Turning technologies) enabled teachers to create and administer interactive PowerPoint® multiple-choice questions, and view participation rates and results in real time.

More importantly, it provided the students with feedback on their responses in the form of a histogram displayed on the screen at the front of the classroom after all students had responded.

The data could be exported in the form of a spreadsheet for further statistical analysis.

Procedure

The procedure was organized within a twelve-hour blended-learning (or hybrid learning) course combining study of accessible online resources through PowerPoint ® sound-slide presentations (8 hours of self-training divided into two four-hour sessions) and lectures (2 hours divided into two one-hour lectures) scheduled during one semester. The course ended with a two-hour experimental session using clickers during practical work at the end of the semester. This practical session was presented as a formative assessment, offering students the opportunity to test themselves though quizzes and to potentially improve their knowledge in chromatography (see Figure 1 for an overview of the blended learning course). In order to encourage the students to be fully involved in the session, they were informed that the questions delivered during the practical work session would be helpful for self-evaluation before the exam.

At the start of the academic year, and before being randomly divided into two distinctive conditions for the experimental session by a coin toss, all the students had to study online resources individually and attend lectures on chromatography given by the same teacher.

The clicker-based learning session took place at the end of the semester in a classroom equipped with 30 computers connected to the Internet. The teacher and a technical assistant divided equal numbers of students randomly into one of the two sessions for a lesson of chromatography. The first session represented the control condition with no interaction between students (Individual Learning), while the second session was used as the experimental condition with interaction between peers in groups of four (Peer Instruction). These sessions took place immediately after each other in the same classroom to avoid communication between students from the different groups.

On arrival, each student was seated at a designated place in the computer lab according to the first letter of their surname, indicated by a name slip on each table. The teacher informed the students that they had been divided up for practical reasons due to a limited number of clickers and computers. In both conditions, students sat at tables equipped with PC computers facing the screen and the teacher's desk so that no student had their back to the teacher. For each condition, the students were given clickers. They were told that they would use them to answer a quiz during the practical session which aimed to give them formative feedback on their knowledge in chromatography learned during previous lectures and from online resources. The quiz consisted of a succession of 14 multiple-choice questions on chromatography. The questions were chosen from a database containing a large number of questions with several alternative responses for each. All the questions and their three or four associated alternative answers were validated by a pedagogical team. The correct answers were not directly available in the course notes or online resources, and required to be thought out either through calculation or reasoning (see Appendix for some sample questions). The researchers also participated in the validation process, agreeing on the validity of the questions chosen and the different responses. In the study, the questions were randomly sorted, and the order of presentation remained the same for all students and conditions. The teacher, who was also one of the authors of the present study, presented the questions on the screen one after the other and the students answered each using their clicker by choosing their response from the three or four options of which only one was correct.

< Insert Figure 1 > After a short training session using a few general knowledge questions aimed to teach students how to use clickers, the experimental session was organized around four successive stages during two hours of practical work:

1. Depending on the difficulty of the questions, students were given between one and five minutes to answer a question individually using their clicker without discussion with their peers.

2. The students were then provided with collective feedback, displayed on the screen at the front of the class in the form of a histogram indicating the percentage of students who had selected each option. At this stage, the correct answers were not given.

3. Before answering the same questions a second time using their clickers, the students worked either individually or in four-member groups. Those in the Peer Instruction condition were instructed to think about each question and discuss it in randomly formed groups of four, while those in the Individual Learning condition were told to think about it entirely on their own. At this stage, the teacher did not communicate with students, and made sure that in the Individual Learning condition there was no communication between peers. To create equivalent conditions in terms of availability of pedagogical resources, all the students of the two learning conditions had full access to Internet. They were encouraged to explore their course notes and online resources, but because student behaviour was not recorded, such data were not quantified. The correct answers were not directly available in the course notes or online resources. The amount of time allowed for this individual or interactive work varied between one and five minutes per question depending on its difficulty.

4. Once all the participants had answered each question a second time, its correct answer was displayed on the screen, and the class discussed it with their teacher for different lengths of time (mean duration: 3 minutes), depending on the number of questions asked and the amount of information provided by the teacher.

Immediately after the clicker-based learning session, the students were asked to answer an online three-item questionnaire to assess their perception of the learning method.

Results

All statistical analyses were performed using SPSS 20.0. A 2 (Learning method, Peer Instruction versus Individual Learning) × 2 (Test of knowledge from quizzes, at the beginning and at the end of the session) between-within analysis of covariance (ANCOVA) was performed to determine whether students' performance on the quiz using clickers improved differently from the beginning to the end of the session according to the learning method. In this analysis, test of knowledge was treated as a repeated measure, whereas learning method was considered as a between-subjects factor. The sex of participants was treated as a covariate because of its potential impact on performance (e.g., [START_REF] Jones | The impact of collaborative and individualized student response system strategies on learner motivation, metacognition, and knowledge transfer[END_REF][START_REF] King | Gender differences in the use and effectiveness of personal response devices[END_REF][START_REF] Lorenzo | Reducing the gender gap in the physics classroom[END_REF].

Performance on the quiz

In order to examine whether the Peer Instruction method gave better results than the Individual Learning method, the percentage of correct answers on the first and second quizzes were compared according to the experimental condition. This percentage was calculated for each student by dividing the sum of correct scores by 14 and multiplying by 100. Learning gain was quantified by comparing the students' answers to the same 14-question taken before (first quiz/pre-test) and after the Peer Instruction or the Individual Learning session (second quiz/posttest). The percentage of correct answers on the first quiz varied from 21.43% to 78.57% and was normally distributed as revealed by the Kolmogorov-Smirnov goodness-of-fit (K-S Z= 1.22, ns).

The percentage of correct answers on the second quiz varied from 42.86% to 85.71% and was also normally distributed (K-S Z= 1.45, ns).

The ANCOVA revealed that there was no sex or interaction effects (both Fs <1.0), and that two main effects could be observed. The first within-factor effect revealed that the proportion of correct answers significantly increased from the first to the second quiz, F (1, 47)= 59.25, p<.001, η 2 = .56. The second significant main effect showed that the percentage of correct answers was higher in the Peer Instruction condition than in the Individual Learning condition, F (1, 47)= 3.95, p<.05, η 2 = .08. As can be seen in Figure 2, the former effect demonstrated a learning gain from the first to the second quiz, where the percentage of correct responses increased independently of the learning method. The latter effect only revealed that students were better in the Peer Instruction condition than in the Individual Learning condition, independently of the moment the quizzes were administered, suggesting that despite having been divided up randomly the students in the two conditions differed in their knowledge.

< Insert Figure 2 about here >

Perception of the learning method

Students had to evaluate the usefulness of the learning method they had experienced, the degree to which it encouraged them to take part in class, and their overall satisfaction with the clickerbased learning session on a 4-point Likert scale ranging from 1 (Not at all useful/engaging/satisfying) to 4 (Really useful/engaging/satisfying).

As only main effects of the learning method on these measures were tested, a series of Student t-tests were performed on each dependent variable. The results showed that the students in the Peer Instruction condition found the learning method they had experienced more useful than those in the Individual Learning condition, t(48) = 2.48, p = .016. They also felt the Peer Instruction method encouraged them to take part more in class, t(48) = 2.15, p = .017. Furthermore, students in the Peer Instruction condition tended to express more overall satisfaction than those in the Individual Learning condition, t(48) = 1.80, p = .078 (see Table 1).

< Insert Table 1 here >

Discussion

The aim of the present study was to examine whether Peer Instruction improves learning when compared with an Individual Learning method that does not require any interaction with peers.

This comparison is important because a large body of studies based on the socio-cognitive approach has revealed that working in groups may have a detrimental impact on performance compared to individuals working alone (e.g., [START_REF] Asch | Effects of group pressure on the modification and distortion of judgements[END_REF][START_REF] Hill | Group versus individual performance: Are N + 1 heads better than one?[END_REF][START_REF] Taylor | Does group participation when using brainstorming facilitate or inhibit creative thinking[END_REF][START_REF] Steiner | Group processes and productivity[END_REF][START_REF] Latané | Many hands make light the work: The causes and consequences of social loafing[END_REF], and this difference is mainly due to socio-cognitive processes negatively affecting performance in groups (e.g., conformity, evaluation apprehension, social loafing, social comparison). This perspective greatly contrasts with the socio-constructivist approach which generally supports Peer Instruction research, and gives a positive role to social interaction in the construction of knowledge. However, the effectiveness of the Peer Instruction method has essentially been demonstrated by comparing it with the more traditional instructional method of lecturing. It is therefore difficult to verify that improved learning gain is solely due to students benefiting from interactions with their peers compared to students performing the same task without any interaction. In the present study, depending on these two distinctive theoretical approaches, alternative hypotheses were formulated. The first, based on the socio-constructivist approach, predicted a higher learning gain in the Peer Instruction condition than in the Individual Learning condition. The second, based on the socio-cognitive approach, predicted a higher learning gain in the Individual Learning condition than in the Peer Instruction condition.

Contrary to each of these predictions, the findings revealed a lack of difference between the two conditions with students in the Peer Instruction condition obtaining a similar learning performance to those in the Individual Learning condition. Consequently, neither of the two alternative hypotheses based on either socio-constructivist or socio-cognitive approach are supported. Indeed, the present study failed to demonstrate that Peer Instruction improved the proportion of correct answers from the first to the second quiz more than for Individual Learning (socio-constructivist hypothesis). It also failed to demonstrate the reverse effect that Individual Learning produced more correct answers than Peer Instruction (socio-cognitive hypothesis).

However, although students in the Peer Instruction condition did not achieve better learning performance on quizzes than those in the Individual Learning condition, they rated the usefulness of the Peer Instruction method more highly, expressed greater satisfaction, and felt that this method encouraged them to take part in class (see also [START_REF] Martyn | Clickers in the classroom: An active learning approach[END_REF]. In other words, when students can interact with each other to share their ideas and solutions for their responses to quizzes, they are more engaged and satisfied than when they cannot, but they do not learn more deeply with peer interaction than without it . Although these findings may appear surprising with regard to the literature which demonstrates the effectiveness of Peer Instruction on learning gain, they also contribute to introducing new perspectives in this field. The lack of difference on learning gain between the conditions may be explained by a similar engagement of students in both conditions in which they actively worked on the chromatography questions instead of remaining passive as in traditional lectures. It is reasonable to assume that the blended learning environment may explain, at least in part, the present findings. Indeed, because all the students had an access to online resources to help find the right answers to quizzes, those in the Peer Instruction condition may have learned actively from these resources in the same way as students in the Individual Learning condition rather than collaboratively from interaction with their peers.

The present results also contrast with recent findings demonstrating the superiority of Peer Instruction on knowledge transfer compared to individualized responses using clickers [START_REF] Jones | The impact of collaborative and individualized student response system strategies on learner motivation, metacognition, and knowledge transfer[END_REF]. However, as previously indicated, this latter study did not examined the learning gain between the two instructional methods, and online resources were not accessible during the course. From this perspective, the present study goes beyond previous research in the field integrating the comparison of instructional methods in a blended learning environment in which online resources are accessible both for prior self-study and during the clicker-based learning session itself.

Conclusion, limitations, and perspectives

This study set out to compare the learning gain under two conditions, one in which students interacted with their peers (Peer Instruction) and the other in which there was no student interaction (Individual Learning). Beyond the traditional instructional method where students "passively" attend lectures, the two learning methods used in the present study may be considered as "active" because students were tested in a classroom equipped with computers to access online resources and where clicker devices could be used to stimulate student engagement with course content. Despite the practical advantages of the present results for instructional design in the classroom, the theoretical findings are more nuanced because they do not support either the socio-constructivist approach or the socio-cognitive approach. On the one hand, and contrary to predictions based on the socio-constructivist approach, the present study demonstrated that Peer Instruction did not produce a greater learning gain than Individual Learning. On the other hand, and contrary to predictions based on the socio-cognitive approach, the Individual Learning method failed to result in better learning gain from the pre-test to the post-test compared to Peer Instruction. The fact that working alone produces the same learning gain as interacting with peers, at least when the Peer Instruction method is used, suggests some limitations of the systematic superiority of Peer Instruction observed when the latter was compared to traditional lectures.

As such, this study may be considered as an attempt to shift from 'first-generation research' (active learning vs. traditional lectures as control condition) to 'second-generation research' (see [START_REF] Freeman | Active learning increases student performance in science, engineering and mathematics[END_REF]. In terms of the latter, the present research opens up new perspectives for questioning the systematic superiority of Peer Instruction over other individual learning methods, at least in blended learning environments. In the future, 'second-generation research' should be developed further through a series of experiments aiming to investigate the effectiveness of Peer Instruction compared to other collaborative and/or active learning methods.

At least three limitations may be identified in the present study. Firstly, the sample used in the present study was small, and despite the randomization procedure allowing the hypotheses to be tested, further research should incorporate a greater number of students to examine the potential impact of moderating variables such as sex differences which have been recognized as being important in some previous studies (e.g., [START_REF] Jones | The impact of collaborative and individualized student response system strategies on learner motivation, metacognition, and knowledge transfer[END_REF][START_REF] King | Gender differences in the use and effectiveness of personal response devices[END_REF][START_REF] Lorenzo | Reducing the gender gap in the physics classroom[END_REF]. Secondly, all students in the present study had the opportunity to consult online resources during the course, and this strategy may have limited the benefits of social interactions on learning gain often observed in the Peer Instruction literature. It would be interesting in future research in this field to orthogonalize two variables, instructional strategy (Individualized vs.

Peer Instruction) and availability of online resources to answer quizzes (with vs. without resources) to be able to distinguish 'collaborative learning' from 'active learning'. Finally, the group size was controlled in the present study and all the groups had four members. Group size should systematically be controlled when Peer Instruction takes place because of the importance of this variable in the socio-cognitive approach. Indeed, a number of studies have shown a social loafing effect with individuals in larger groups exerting less effort and responsibility for the tasks, and performing less well than individuals in small groups (e.g., [START_REF] Liden | Social loafing: A field investigation[END_REF][START_REF] Mueller | Why individuals in larger teams perform worse[END_REF][START_REF] Wicker | Assimilation of new members in a large and a small church[END_REF]. For this reason future studies should rigorously control group size from two, including proximate neighbours in the classroom, to four members, as was the case in the present study. The learning benefits generally observed in Peer Instruction literature could be due to the fact that students interacted only with one or two peers often seated beside them in the classroom. This small group or dyad situation may have potentially contributed to preventing social loafing, and to improving learning performance under the Peer Instruction condition.

Finally, we hope that this study will invite educational researchers and teachers to introduce changes in their course design taking into account both socio-constructivist and sociocognitive approaches. Far from sufficient in itself, the present study requires further research to examine in more detail the advantages and limitations of Peer Instruction as an effective instructional strategy to improve learning.

Footnotes

1 A Peer Instruction session is usually structured as follows: (1) before a lesson, students familiarize themselves with the various pedagogical (online) resources available to them (course material, written documents, sound-slide presentations, videos, etc.); (2) the lesson is divided into different sections, each focusing on a key concept that the teacher explains before asking the students to answer multiple-choice questions individually using clickers; (3) the students discuss their answers with their peers, generally students who are seated beside them, before responding to the same questions a second time; (4) The sequence ends by a discussion with the whole class. 

Figure 2 .

 2 Figure 2. Effect of learning method (Peer Instruction or Individual Learning) and test of knowledge in chromatography (first and second quiz) on the percentage of correct responses.

  

Table 1 .

 1 Mean ratings (M) and standard deviations (SD) of students' perceived utility, encouragement to participate, and satisfaction for each learning method.

	Retention	Area	Area (%)	Retention	Area (sample)	Area (%)
	time (min)	(standard)		time (min)		
	0.26	7,335,600	97.315	0.24	9,512,000	98.186
	2.41	105,020	1.393	2.41	97,273	1.004
	4.91	54,984	0.729	4.49	39,295	0.406
	6.68	42,408	0.563	6.82	39,187	0.405

A. mB = 38.6 mg, mC = 49.9 mg B. mB = 49.9 mg, mC = 38.9 mg C. mB = 39.3 mg, mC = 38.2 mg Note. Higher scores indicate more positive assessments.
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In silica gel column chromatography, in which order would the following compounds be eluted?

A.