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Chapter 9: Prospects and challenges for inquiry-based approaches to learning 
Brigid Barron and Linda Darling-Hammond 
Brigid Barron and Linda Darling-Hammond summarise the research on inquiry-based learning. A first key conclusion of their review of research evidence is that students learn more deeply when they can apply classroom-gathered knowledge to real-world problems; inquiry-based approaches are important ways to nurture communication, collaboration, creativity and deep thinking. Second, inquiry-based learning depends on the application of well-designed assessments, both to define the learning tasks and to evaluate what has been learned. Third, however, the success of inquiry approaches tends to be highly dependent on the knowledge and skills of those implementing them. If these approaches are poorly understood and mistaken for being unstructured, their benefits are substantially reduced compared with when they are implemented by those appreciating the need for extensive scaffolding and constant assessment to inform their direction. 
 The need for inquiry-based learning to support 21st century skills 
Enthusiasm for educational approaches that connect knowledge to its applications has been on the upswing since the 1980s. Recommendations from a wide array of organisations have emphasised the need to support 21st century skills through learning that supports inquiry, application, production and problem- solving. These arguments have been promoted in scholarly research, national commission reports, and policy proposals, urging instructional reforms to help students gain vital media literacies, critical thinking skills, systems thinking, and interpersonal and self-directional skills that allow them to manage projects and competently find resources and use tools. 
In order for these capacities to be nurtured, the reports argue, students must be given opportunities to develop them in the context of meaningful projects that require sustained engagement, collaboration, research, management of resources, and development of an ambitious performance or product. The rationale for these recommendations has come in part from research demonstrating that students do not routinely develop the ability to analyse, think critically, write and speak effectively, or solve complex problems from working on more constrained tasks that emphasise memorisation or call only for responses that demonstrate recall. In addition, there is a growing body of research indicating that students learn more deeply when they have had the opportunity to engage in more “authentic” learning. 
A set of studies has found positive effects on student learning of instruction, curriculum and assessment practices that requires students to construct and organise knowledge, consider alternatives, apply disciplinary processes to content central to the discipline (e.g. use of scientific inquiry, historical research, literary analysis, or the writing process) and communicate effectively to audiences beyond the classroom and school. For example, a study of more than 2100 students in 23 restructured schools found significantly higher achievement on intellectually challenging performance tasks for students who experienced this kind of “authentic pedagogy” (Newmann, Marks and Gamoran, 1996). The use of these practices predicted student performance more strongly than any other variable, including student background factors and prior achievement. 
While this kind of research is promising, the chequered history of efforts to implement “learning by doing” makes clear the need for greater knowledge about how successfully to manage problem- and project-based approaches in the classroom (Barron, et al., 1998). The teaching suggested by these descriptions is not straightforward and requires knowledge of the characteristics of successful strategies and highly skilled teachers to implement them. 
In this chapter, we focus on both the design and implementation of inquiry-based curriculum that engages children in extended constructive work, often in collaborative groups, and subsequently demands a good deal of self-regulated inquiry. The research we review spans the K-12 years, college and graduate education and can be found across core disciplines and in interdisciplinary programmes of study. 
Research on the implementation and efficacy of these approaches for learning is yielding two major conclusions: 
1. Small group inquiry approaches can be extremely powerful for learning. To be effective, they need to be guided by thoughtful curriculum with clearly defined learning goals, well-designed scaffolds, ongoing assessment and rich informational resources. Opportunities for professional development that include a focus on assessing student work increase the likelihood that teachers will develop expertise in implementing these approaches.  
2. Assessment design is a critical issue for revealing the benefits of inquiry approaches for group efforts and individual learning as well as for promoting the success of learning. Specifically, if one only looks at traditional learning outcomes, inquiry-based and traditional methods of instruction appear to yield similar results. Benefits for inquiry learning are found when the assessments require application of knowledge and measure quality of reasoning. Consequently, we also take up a discussion of “performance assessment” and its role in both supporting and evaluating meaningful learning.  
The importance of assessment in inquiry-based approaches 
As the discussion above suggests, collaborative and inquiry-approaches to learning require that we consider classroom activities, curriculum, and assessment as a system in which each interdependent aspect is important for providing an environment that will promote robust learning. Indeed, our ability to assess – both formatively and summatively – has enormous implications for what we teach, and how effectively. At least three elements of assessment are especially important for meaningful learning of the kind we have been describing: 
· The design of intellectually ambitious performance assessments that define the tasks students will undertake in ways that allow them to learn and apply the desired concepts and skills in authentic and disciplined ways.  
· The creation of guidance for students’ efforts in the form of evaluation tools such as assignment guidelines and rubrics that define what constitutes good work (and effective collaboration).  
· The frequent use of formative assessments to guide feedback to students and teachers’ instructional decisions throughout the process.  The nature of assessments defines the cognitive demands of the work students are asked to undertake. Research suggests that thoughtfully structured performance assessments can support improvements in the quality of teaching, and that inquiry-based learning demands such assessments both to define the task and to properly evaluate what has been learned. Some studies have also found that teachers who are involved in scoring performance assessments with other colleagues and discussing their students’ work find the experience has helped them change their practice to become more problem-oriented and more diagnostic.  
There are many ways in which authentic assessments contribute to learning. For example, exhibitions, projects and portfolios provide occasions for review and revision toward a polished performance. These opportunities help students examine how they learn and how they can perform better. Students are often expected to present their work to an audience – visitors, parents, other students – to ensure that their apparent mastery is genuine. 
Presentations of work also signal to students that their work is important enough to be a source of public learning and celebration, and provide opportunities for others in the learning community to see, appreciate and learn from student work. Performances create living representations of school goals and standards so that they remain vital and energising, and develop important life skills. As Ann Brown (1994) observed: 
audiences demand coherence, push for high levels of understanding, require satisfactory explanations, request clarification of obscure points... There are deadlines, discipline, and most important, reflection on performance. We have cycles of planning, preparing, practicing, and teaching others. Deadlines and performance demand the setting of priorities – what is important to know? 
Planning, setting priorities, organising individual and group efforts, exerting discipline, thinking through how to communicate effectively with an audience, understanding ideas well enough to answer the questions of others – all of these are tasks people engage in outside of school in their life and work. Good performance tasks are complex intellectual, physical and social challenges. They stretch students’ thinking and planning abilities while also allowing student aptitudes and interests to serve as a springboard for developing competence. 
In addition to designing tasks that are intellectually powerful, teachers need to provide guidance to students about the quality of work and interactions they are aiming for. The benefits of clear criteria given in advance have been documented by many studies. For example, Cohen and her colleagues tested the idea that clear evaluation criteria could improve student learning by improving the nature of the conversation. They found that the introduction of evaluation criteria led groups to spend more time discussing content, discussing the assignment and evaluating their products than groups who were not given criteria. They also found that individual learning scores were significantly correlated with the amount of evaluative and task-focused talk. 
The criteria used to assess performances should be multidimensional, representing the various aspects of a task rather than a single grade, and openly expressed to students and others in the learning community, rather than kept secret in the tradition of content-based examinations. For example, a research report might be evaluated for its use of: 
· evidence, 
· accuracy of information, 
· evaluation of competing viewpoints, 
· development of a clear argument, 
· and attention to conventions of writing. 
When work is repeatedly assessed, the criteria guide teaching and learning and students become producers and self-evaluators while teachers become coaches. A major goal is to help students develop the capacity to assess their own work against standards, to revise, modify, and redirect their energies, taking initiative to promote their own progress. This is an aspect of self- directed work and self-motivated improvement required of competent people in many settings, including a growing number of workplaces. 
Finally, formative assessment is a critical element in learning generally, and is especially important in the context of long-term collaborative work. Formative assessment is designed to provide feedback to students that they can then use to revise their understanding and their work. It is also used to inform teaching so it can be adapted to meet students’ needs. 
A theme in the literature on formative assessment is that feedback seems to be more productive to the extent that it is focused on student process rather than product, and keyed on the quality of the work (task-involving) rather than quality of the worker (ego-involving), for example providing comments rather than grades for students to consider. Shepard (2000) suggests that the focus on process and task allows students to see cognitive prowess not as a fixed individual trait, but as a dynamic state that is primarily a function of the level of effort in the task at hand. This can support their motivation as they sustain confidence in their own ability to learn. 
There is a set of related practices of importance in the activities we have described, including the integration of assessment and instruction, the systematic use of iterative cycles of reflection and action, and ongoing opportunity for students to improve their work – which is grounded in a conception of learning as developmental and the belief that all students will learn from experience and feedback, rather than being constrained by innate ability. 
Supporting collaboration within inquiry approaches 
Much of the work involving inquiry-based learning involves students working in pairs or groups to solve a problem, complete a project, or design and build an artefact. Co-operative small-group learning, which Cohen (1994b) defines as “students working together in a group small enough that everyone can participate on a collective task that has been clearly assigned,” has been the subject of hundreds of studies and several meta-analyses. Overall, these analyses come to the same conclusion: there are significant learning benefits for students who work together on learning activities. 
Co-operative group work benefits students in social and behavioural areas as well, including improvement in student self-concept, social interaction, time on task and positive feelings toward peers. Ginsburg-Block and colleagues (2006) focused on the relationship between academic and non-academic measures. They found that both social and self-concept measures were related to academic outcomes. Larger effects were found for classroom interventions that used same-gender grouping, interdependent group rewards, structured student roles, and individualised evaluation procedures. They also found that low-income students benefited more than those from high-income backgrounds and that urban students benefited more than those from suburban areas. Racial and ethnic minority students benefited even more from co-operative group work than non-minority students, a finding repeated over several decades. 
 Nevertheless, effective co-operative learning can also be complex to implement. The classroom teacher plays a critical role in establishing and modelling practices of productive learning conversations. Aspects of the larger classroom learning environment shape small group interactions. Observing a group’s interactions can provide a substantial amount of information about the degree to which the work is productive, as well as an opportunity for formative feedback and the provision of support for aligning understandings and goals among group members. Beyond any specific tool or technique, a particularly important role for the teacher is to establish, model and encourage norms of interaction that reflect good inquiry practices. 
A great deal of work has been done to specify the kinds of tasks, accountability structures and roles that help students to collaborate well. In Johnson and Johnson’s summary (1999) of 40 years of research on co-operative learning, they identify five “basic elements” of co-operation that have emerged as important across different models and approaches: 
· positive interdependence, 
· individual accountability, 
· structures that promote face-to-face interaction, 
· social skills and 
· group processing. 
A range of activity structures has been developed to support group work, from co-operative-learning approaches where students are simply asked to help each other complete individually-assigned traditional problem sets to approaches where students are expected to define projects collectively and generate a single product that reflects the continued work of the entire group. Many approaches fall between these two extremes. some approaches assign children in the group to management roles, conversational roles, or intellectual roles. 
When designing co-operative group work, teachers should pay careful attention to various aspects of the work process and to the interaction among students. For example, Slavin (1991) argues: “it is not enough to simply tell students to work together. They must have a reason to take one another’s achievement seriously.” He developed a model that focuses on external motivators that reside outside the group, such as rewards and individual accountability established by the teacher. His meta-analysis found that group tasks with structures promoting individual accountability produce stronger learning outcomes. 
Cohen’s review of research (1994) on productive small groups focuses on internal group interaction around the task. She and her colleagues developed “complex instruction”, one of the best-researched approaches to co-operative small-group learning. Complex instruction uses carefully designed activities that require diverse talents and interdependence among group members. Teachers are encouraged to pay attention to unequal participation among group members, which often results from status differences among peers, and are given strategies that allow them to bolster the status of infrequent contributors. 
In addition, roles are assigned to support equal participation, such as recorder, reporter, materials manager, resource manager, communication facilitator and harmoniser. A major component of the approach is development of “group-worthy tasks” that are both sufficiently open-ended and multi-faceted that they require and benefit from the participation of every member of the group. Tasks that require a variety of skills – such as research, analysis, visual representation and writing – are well suited to this approach. 
There is strong evidence supporting the success of complex instruction strategies in promoting student academic achievement. In recent studies, evidence of this success has been extended to the learning gains of new English language learners. 
Challenges of inquiry approaches to learning 
Many challenges have been identified with the management of the approaches just reviewed, as the pedagogies required to implement them are much more complex than the direct transmission of knowledge to students. In fact, inquiry approaches to learning have frequently been found to be highly dependent on the knowledge and skills of teachers involved. When these approaches are poorly understood, teachers often think of inquiry or other student-centred approaches as “unstructured,” rather than appreciating that they require extensive scaffolding and constant assessment and redirection as they unfold. 
Research on these approaches signals a number of specific challenges that emerge when students lack prior experiences or modelling regarding particular aspects of the learning process. 
· Regarding disciplinary understanding, students can have difficulty generating meaningful questions or evaluating their questions to understand if they are warranted by the content of the investigation, and they may lack background knowedge needed to make sense of the inquiry. 
· Regarding general academic skills, students may have difficulty developing logical arguments and evidence to support their claims. 
· Regarding management of tasks, students often have difficulty figuring out how to work together, managing their time and the complexity of the work, and sustaining motivation in the face of difficulties or confusion. 
Teachers may also encounter challenges as they try to juggle the time needed for extended inquiry. They need to: 
· learn new approaches to classroom management, 
· design and support inquiries that illuminate key subject matter concepts, 
· balance students’ needs for direct information with their opportunities to inquire, 
· scaffold the learning of many individual students (providing enough, but not too much, modelling and feedback for each one), 
· facilitate the learning of multiple groups, and develop and 
· use assessments to guide the learning process. 
Without supports to learn these complex skills, teachers may be unable to use inquiry approaches to best advantage, engaging students in “doing” but not necessarily in disciplined learning that has a high degree of transfer. 
How can teachers support productive inquiry? 
Successful inquiry-based approaches require planning and well thought out approaches to collaboration, classroom interaction and assessment. Classroom research has shown that simply providing students with rich resources and an interesting problem (e.g. design a household robot with arthropod features) are not enough. Students need help understanding the problem, applying science knowledge, evaluating their designs, explain- ing failures and engaging in revision. Students often neglect to use informational resources unless explicitly prompted. 
Several research groups have offered design principles that can help guide curriculum efforts. Below we summarise the primary design principles from these groups. 
Projects must be well designed with well-defined learning goals guiding the nature of activities. 
Subject matter can be problematised by encouraging students to define problems and treat claims and explanatory accounts, even those offered by “experts,” as needing evidence. The teacher should encourage students to question all sources. Rather than ignoring differences across sources, the teacher can draw attention to them and encourage them to look for converging sources. 
Resources can scaffold both teachers and student learning 
Resources such as models, tools, books, films or fieldtrips can support inquiry and discussion. Access to experts and a variety of informational resources are key in allowing students to find a broad range of topics, contradictions and perspectives. Discrepancies across sources can be important for driving debates but also for developing students’ reasoning and sophistication in using different types of evidence. 
Another important resource is time. Students must be given plenty of time to investigate questions, carry out designs and share the group’s current thinking and disagreements with one another and with the teacher. 
Teachers must develop participation structures and classroom norms that encourage accountability, use of evidence and a collaborative stance 
Students can be given authority to address disciplinary problems by personally identifying them with claims, explanations, or designs in ways that encourage them to be authors and producers of knowledge. The teacher can communicate an enthusiasm for debate and productive conflict. Public performances like presentations can encourage the ability to adopt a particular perspective as well as attention to quality. Students should be encouraged to address others’ viewpoints even if they disagree. Disciplinary norms, such as paying attention to evidence and citing sources, should be modelled and nurtured. The teacher can encourage the students to incorporate a wide range of sources into their research. Students can also constantly be made aware of the requirement that they help their group members learn. 
Well-designed formative assessment and opportunities for revision support learning and well designed summative assessments can be useful learning experiences 
Formative opportunities for reflection on collaborative processes and work progress should be built in to help students self-assess and revise their course of action if needed. It is important to find a balance between having students work on design activities and reflecting on what they are learning, so that they can guide their progress. Incorporating reflective activities is important to encourage understanding. 
The criteria used for summative assessment should be multidimensional, representing the various aspects of a task rather than a single grade, and openly expressed to students and others in the learning community. 
Summary and conclusions 
The current conversation about 21st century skills calls for classroom and other learning environments that, in addition to including the core subjects of schooling, encourage students to develop new media literacies, critical and systems thinking, interpersonal and self directional skills. This chapter has presented classroom approaches that support sustained inquiry and collaborative work. Such approaches are critical for preparing students for future learning. Three main conclusions may be drawn from our review. 
1. Students learn more deeply when they can apply classroom knowledge to real-world problems. Inquiry and design-based approaches are an important way to nurture communication, collaboration, creativity and deep thinking. Attention to the processes, as well as the content, of learning is beneficial.  
2. Inquiry approaches to learning are challenging to implement. They are highly dependent on the knowledge and skills of the teachers engaged in trying to implement them. When these approaches are poorly understood, teachers often think of them as “unstructured,” rather than appreciating that they require extensive scaffolding and constant assessment and redirection as they unfold. Teachers need time and a community to support their capacity to organise sustained project work. It takes significant pedagogical sophistication to manage extended projects in classrooms so as to maintain a focus on “doing with understanding” rather than “doing for the sake of doing”. Fortunately there is a wealth of examples and articulated design principles that can help teachers to do these things.  
3. Assessment strategies must be designed to support both formative and summative evaluation. The nature of assessments defines the cognitive demands of the work students are asked to undertake. Research suggests that thoughtfully-structured performance assessments can support improvements in the quality of teaching, and that inquiry-based learning demands such assessments, both to define the task and to evaluate properly what has been learned.  
As the international community explores strategies to prepare students for an increasingly complex and interconnected world, inquiry and design approaches to learning provide a well-researched approach that has the potential to transform important aspects of teaching and learning. Students develop critical collaborative and academic skills, and teachers are given opportunities to deepen their repertoire for nurturing skills for the 21st century. Collaboration among researchers and educators can only strengthen the possibilities for imagining and enacting transformative pedagogies that support deep engagement and learning for all. 
Extracts prepared by Barbara Reynolds for the Creatingapath Instructional Rounds Network
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