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Formative assessment has been suggested as a means of supporting student motivation. However, empirical studies have shown mixed effects of formative assessment interventions on students’ motivation, making it necessary to understand the mechanisms underlying these effects. We analyzed a formative classroom practice implemented by a 10th-grade first-language teacher during 7 months. Teacher logs, classroom observations and a teacher interview were used to collect data for characterizing the formative assessment practice. Changes in students’ satisfaction regarding the basic psychological needs of perceived autonomy, competence and relatedness, as well as changes in student motivation manifesting as engagement in learning activities and autonomous types of motivation, were measured by pre- and post-questionnaires in the intervention class and four comparison classes. Since the intraclass correlation values ICC(1) and ICC(2) were low, we treated the comparison classes as one group and t-tests were used in the significance testing of the differences in changes in psychological needs satisfaction and motivation between the intervention class and the comparison classes. Path analysis was conducted to investigate whether a possible influence of the intervention on autonomous motivation and behavioral engagement would be mediated by basic psychological needs satisfaction. The analysis of the classroom practice in the intervention class identifies that both teacher and students were proactive agents in formative assessment processes. The analysis of the quantitative data shows that students’ psychological needs satisfaction increased more in the intervention class than in the comparison classes, and that this needs satisfaction mediated an effect on students’ behavioral engagement and autonomous motivation.
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1 Introduction

Motivation is the driving force of human behavior and a prerequisite for student learning. It is therefore paramount to find ways to effectively promote students’ motivation, and formative assessment is a classroom practice that has been suggested to improve motivation (e.g., Clark, 2012). Some empirical evidence for positive effects from formative assessment on student motivation have been found, but the effects have varied substantially. To understand why some formative assessment practices have certain effects on motivation while others do not, it is necessary to understand the mechanisms underlying the effects and how they function for different characteristics of formative assessment practices.

One way formative assessment may affect students’ motivation is by enhancing students’ satisfaction with the three psychological needs of competence, autonomy and relatedness (e.g., Hondrich et al., 2018; Leenknecht et al., 2021; Pat-El et al., 2012). However, few studies have empirically investigated the three psychological needs as mediators of effects of formative assessment on students’ motivation. In particular, studies within an ecologically valid regular classroom environment are scarce (Hondrich et al., 2018). Furthermore, there is a lack of studies investigating the three psychological needs as mediators for the effects on motivations manifested both as behavioral engagement and type of motivation, and for the mediating role of a composite measure of the satisfaction of all three needs. Studies using a composite measure could provide further valuable insight into the role of students’ psychological needs satisfaction since, according to self-determination theory (Ryan and Deci, 2020), all three needs are important for students to be autonomously motivated.

In this study, we describe and analyze a formative assessment practice involving a 10th-grade first-language teacher and her students. This practice was carried out as a daily classroom practice for 7 months. We investigate changes in the students’ psychological needs satisfaction, measuring both all three needs individually and a composite of all three needs. We then compare these students’ changes with changes in four comparison classes. We also investigate whether the composite measure mediates an influence of the formative assessment practice on students’ behavioral engagement and autonomous motivation.



2 Literature review


2.1 Motivation

Given the critical role that motivation plays in student learning, it is important to find ways to effectively promote students’ motivation. Students’ motivation to learn may be manifested in their engagement in learning activities, that is the extent to which they are actively involved in learning activities (Skinner et al., 2009). Engagement is a multidimensional construct comprising four distinct yet interrelated aspects. Behavioral engagement pertains to the extent of the student’s involvement in learning activities, reflecting their on-task attention and effort. Emotional engagement refers to the presence of positive emotions, such as enjoyment, during learning activities. Agentic engagement involves the student’s intentional, proactive, and constructive contributions to the teaching and learning activities, such as offering suggestions or expressing preferences. Finally, cognitive engagement relates to the student’s strategic approach to learning, involving the use of advanced learning techniques (Matos et al., 2018). Studies on engagement may include all or only individual aspects. In the latter case, naturally, the results cannot consider the relationships between the aspects. However, a focus on individual aspects may sometimes be necessary, and many studies do so. In the present study, to keep the student questionnaires sufficiently short, and also include measures of different types of motivation, we will focus on one individual aspect of engagement. The chosen aspect is behavioral engagement. This choice is based on that research has consistently reported higher levels of student behavioral engagement to be associated with higher levels of achievement (Fredricks et al., 2004; Hospel et al., 2016) and other forms of engagement (e.g., emotional and cognitive) to be weaker predictors of achievement than behavioral engagement (Stefansson et al., 2016).

While engagement refers to a manifestation of motivation in terms of what the students do, how much they do it, and with what intensity they do it, students may also have different types of motivation; that is, they may be motivated for different reasons. Self-determination theory (Ryan and Deci, 2020) describes such different types of motivation. Students will be intrinsically motivated to engage in activities that they experience as inherently interesting or fun and that allow them to feel competent and autonomous. Extrinsic motivation, in contrast, does not require the activities to be of interest to the students; rather, this type of motivation refers to engaging in activities as a means to an end: students choose to engage in activities because they believe they will lead to positive outcomes or prevent negative outcomes. Extrinsic motivation differs in the extent to which the reasons for students’ actions are self-determined or autonomous. Students may engage in activities because of external rewards, to avoid discomfort or punishment, to avoid feeling guilty or to attain ego-enhancement or pride. Such motivation reflects external control and is termed controlled motivation. Students may also have a more autonomous form of extrinsic motivation, engaging in an activity because they personally find it valuable and have identified its regulation as their own. Both this latter form of extrinsic motivation and intrinsic motivation are termed autonomous types of motivation. A student’s motivation type has consequences for learning and well-being. Autonomous types of motivation have been shown to be associated with not only greater engagement but also higher quality learning and greater psychological well-being. Controlled motivation, in contrast, has been shown to be associated with negative emotions and a poorer ability to cope with failures (Ryan and Deci, 2020).

Thus, positive student outcomes can be expected from facilitating students’ motivation in terms of engagement in learning activities and autonomous types of motivation. However, successfully supporting such motivation is not easy. Studies have shown that student engagement often decreases and student motivation becomes less autonomous throughout the school years (Ryan and Deci, 2020; Wylie and Hodgen, 2012).



2.2 Formative assessment

Formative assessment is a classroom practice that has been suggested as a possible way to support student motivation (e.g., Clark, 2012). However, as argued by Yan and Chiu (2022), only formative assessment with certain characteristics and implemented to a sufficient extent is likely to have a significant effect on students’ motivation. In addition, implementing high-quality formative assessment is associated with challenges and barriers to overcome (e.g., Heitink et al., 2016; Yan et al., 2021). Formative assessment can be defined as follows:


Practice in a classroom is formative to the extent that evidence about student achievement is elicited, interpreted, and used by teachers, learners, or their peers, to make decisions about the next steps in instruction that are likely to be better, or better founded, than the decisions they would have taken in the absence of the evidence that was elicited (Black and Wiliam, 2009, p. 9).
 

Thus, formative assessment is a teaching and learning practice. Such classroom practices may differ, but they are unified by the common core characteristics of teachers and/or students gathering information about the students’ learning and adapting teaching and/or learning to meet the identified learning needs. For example, the definition above (Black and Wiliam, 2009, p. 9) affords approaches to formative assessment with a focus on the teachers gathering evidence of student learning through classroom dialogue or short written tests and adapting feedback or subsequent learning activities to the students’ knowledge, skills and learning needs identified in these assessments. In two other approaches to formative assessment, students may play a more proactive role in the core formative assessment processes. The students may support each other’s learning through peer-assessment and subsequent peer-feedback, where the latter involves providing explanations and suggestions to peers on how they can act to reach their learning goals. Students may also be proactive agents in formative assessment processes as self-regulated learners who assess their own learning and take subsequent action to meet the identified learning needs. When conducting a formative assessment practice in which the students are proactive agents in the core formative assessment processes, the teacher’s role is to help the students become motivated and proficient in carrying out these processes. Formative assessment practices may also include a combination of all the above-mentioned approaches.



2.3 Formative assessment as a means of supporting student motivation

A few empirical studies have found positive relationships between formative assessment and grade 1–12 students’ behavioral engagement. In a cross-sectional study, Federici et al. (2016) found a positive association between students’ perception of their teachers’ formative assessment practice and aspects of behavioral engagement; moreover, intervention studies by Näsström et al. (2021), Palmberg et al. (2024) and Wong (2017) all found that formative assessment had a positive effect on students’ behavioral engagement. Relationships between formative assessment with grade 1–12 students and the students’ autonomous motivation have also been empirically investigated. Cross-sectional studies have found positive relationships between formative assessment and students’ autonomous types of motivation (e.g., Baas et al., 2020; Federici et al., 2016; Pat-El et al., 2012). However, findings from intervention studies on the effect of formative assessment practices on students’ autonomous motivation range from no effect to a moderate effect (e.g., Förster and Souvignier, 2014; Hondrich et al., 2018; Meusen-Beekman et al., 2016; Näsström et al., 2021; Palmberg et al., 2024).



2.4 Mechanisms underlying the effects of formative assessment on student motivation

To understand why some formative assessment practices have certain effects on motivation while others do not, it is necessary to understand the mechanisms underlying the effects and how they function for different characteristics of formative assessment practices. One way formative assessment may affect students’ motivation is by enhancing students’ satisfaction with the three psychological needs of competence, autonomy and relatedness. According to self-determination theory (Ryan and Deci, 2020) these psychological needs influence students’ autonomous types of motivation. According to the self-system model of motivational development, fulfilment of these psychological needs may also influence students’ engagement (Skinner et al., 2008). Moreover, it is hypothesized that an increase in autonomous motivation leads to greater student engagement (Ryan and Deci, 2020). Formative assessment may facilitate needs satisfaction in several ways. Teacher feedback helping students monitor their learning progress and providing support for how goals and criteria can be met may make the students’ learning progress more explicit, and recognizing learning gains would foster feelings of competence (Andrade and Brookhart, 2020; Hondrich et al., 2018). Teacher feedback focusing on students’ effort, task-solving processes and learning progress may also influence students’ sense of autonomy (Andrade and Brookhart, 2020). Heritage and Wylie (2018) emphasize the inclusion of students in these processes of assessment and feedback. They argue that supporting students as peer-assisted and self-regulated learners by arranging for information from self-assessment and peer-assessment to affect classroom practices would enhance students’ sense of both autonomy and relatedness.

Although the numbers of studies investigating the effects of formative assessment on psychological needs vary between these needs, positive associations and effects have been found for all three needs—that is, the need for a sense of competence (Granberg et al., 2021; Hondrich et al., 2018; Pat-El et al., 2012; Rakoczy et al., 2019; Wollenschläger et al., 2016), a sense of autonomy (Granberg et al., 2021; Pat-El et al., 2012) and a sense of relatedness (Pat-El et al., 2012). However, very few studies have empirically investigated the three psychological needs as mediators of effects of formative assessment on students’ behavioral engagement or type of motivation. In a cross-sectional questionnaire study, Pat-El et al. (2012) found that students’ perceived competence and relatedness mediated an association between formative assessment and autonomous motivation, while perceived autonomy did not. Hondrich et al. (2018) found an indirect effect of formative assessment on autonomous motivation via perceived competence (sense of autonomy and relatedness were not included in the study). Kiemer et al. (2015) investigated students’ perceptions of their teachers’ support of their psychological needs, rather than of the actual fulfilment of these needs. They found that students’ perceived support of both autonomy and competence mediated the association between formative assessment and students’ autonomous motivation. All three of these studies focused on formative assessment in the form of teachers’ tasks or questions and their feedback or adapted instruction, and not on practices in which students play a more proactive role in the core formative assessment processes as peer- or self-assessors. In addition, none of these studies included an investigation of how formative assessment affected students’ engagement. Furthermore, although some studies investigating research questions other than those in the present study have used a composite measure of the satisfaction of the three psychological needs (e.g., Haerens et al., 2019), to the best of our knowledge none have investigated the potentially mediating role of a composite measure of the satisfaction of the three basic psychological needs in the effects of formative assessment on either student engagement or autonomous motivation.

In summary, formative assessment has been proposed as a way of enhancing student motivation, but studies that have investigated the effects of formative assessment on motivation within an ecologically valid, regular classroom environment are scarce (Hondrich et al., 2018). In addition, existing studies show a substantial variation in the effects. However, studies empirically investigating mechanisms underlying the effects are few, in particular, very few studies investigate the three psychological needs as mediators of the effects of formative assessment on behavioral engagement and type of motivation. In addition, we did not find any studies investigating such mediating effects from practices in which both the teacher and the students are proactive agents in the core formative assessment processes. Furthermore, there is a similar lack of studies investigating the mediating role of a composite measure of needs satisfaction.

In the present study we aim to contribute to filling the above-mentioned gaps in the literature by investigating the mediating effects of the three psychological needs on student motivation in an ecologically valid formative assessment practice that can be characterized as including both teacher and students being proactive agents in the formative assessment practices. In the investigation we will use a composite measure of the needs satisfaction. To be able to design FA practices with the largest effects on motivation we need to understand why some formative assessment practices have certain effects on motivation while others do not. It is necessary to understand the mechanisms underlying the effects and how they function for different characteristics of formative assessment practices. Investigating the mediating effects of the psychological needs in practices where both teachers and students are proactive agents in the formative assessment practices is important since such practices have the potential to provide more ways of influencing student motivation than the practices in which only the teacher is the main proactive agent (Palmberg et al., 2024). Using a composite measure of the needs satisfaction in this investigation could complement previous insights about the role of students’ psychological needs satisfaction since, according to self-determination theory (Ryan and Deci, 2020), all three needs are important for students to be autonomously motivated and existing studies have all used measurements of each individual need satisfaction.




3 Research questions

In this study, we describe and analyze a classroom practice involving a 10th-grade first-language teacher (referred to using the pseudonym Jenny) and her students. Jenny aimed at engaging each and every student in formative assessment activities, and the practice was carried out during 7 months. We investigate changes in the students’ psychological needs satisfaction, measuring both all three needs individually and a composite of all three needs. We then compare these students’ changes with changes in four comparison classes. We also investigate whether the composite measure mediates an influence of the formative assessment practice on students’ behavioral engagement and autonomous motivation. We ask the following research questions:

1. What are the characteristics of Jenny’s formative assessment practice?

2. Does satisfaction of the three psychological needs increase in students in the intervention class, and how do changes in psychological needs satisfaction in the intervention class compare with changes in the comparison classes?

3. Does students’ basic psychological needs satisfaction mediate an influence of the formative assessment practice on their behavioral engagement and autonomous motivation?

Research questions 2 and 3 are the main research questions in the study, but for the results to these research questions to be meaningful it is essential to identify the characteristics of the implemented formative assessment practice (Research question 1).



4 Methods


4.1 Procedure

Jenny had participated in a professional development programme (PDP) in formative assessment the previous year, and this year she aimed at implementing some of the activities she had learned from the PDP. Data used for the characterization of Jenny’s formative assessment practice was collected through teacher logs, classroom observations and a teacher interview. The students’ basic psychological needs satisfaction, behavioral engagement and autonomous motivation were measured using a questionnaire in all five classes at the beginning and end of the intervention (fall and spring). The intervention class and comparison classes were compared in terms of changes in the students’ responses to the questionnaire items before and after the intervention, and mediation was studied through path analysis. We were not given the opportunity to follow and analyze the practices of the teachers in the comparison classes. However, Jenny was asked not to implement any new formative assessment activities during the first 2 months of the term in order not to influence the students’ responses to the first questionnaire. This means that the first questionnaire can be seen as a baseline measurement that we used to compare the effects of the teaching in the comparison classes and Jenny’s teaching before she had implemented her formative assessment practice. Taking this baseline measurement into account, the second questionnaire was then used to compare the effects of Jenny’s implemented formative assessment activities with the effects of the teaching in the comparison classes, reducing effects from variables pertaining to the intervention teacher’s personal characteristics. The study design is a comparison between a changed practice and business-as-usual practices.



4.2 Participants

One intervention class taught by Jenny and four comparison classes at the same upper secondary school in Sweden participated in the present study. Jenny, who had a few years of teaching experience and had participated in a professional development program (PDP) in formative assessment the previous year, started to teach a Swedish language course for a class enrolled in the technology program and aimed to implement a formative assessment practice. The four comparison classes took the same Swedish language course, but their teachers had not participated in the PDP and continued to teach the same way they had done in previous school years. All students were approximately 17 years old, came from different social and cultural backgrounds, and were enrolled in academic programs that do not differ much regarding students’ prior academic achievement. Twenty students in the intervention class and 72 students in the comparison classes agreed to participate and completed both questionnaires. The distribution of students in the different classes is reported in Table 1.



TABLE 1 Number of students in the intervention class and comparison classes.
[image: Table1]



4.3 Characterizing the formative assessment practice

Three sources of data; teacher logs, observations and an interview were used for triangulation to ensure the validity and reliability of the description of the classroom practice.


4.3.1 Data collection


4.3.1.1 Teacher logs

To obtain data about the enactment of, intentions with and experiences from the formative assessment implementation, Jenny was asked to make log notes shortly after having a lesson or a series of lessons. The log notes were made in a web-based form, where the teacher provided descriptions of implemented activities, reasons for choosing the activities, evaluations of the implementations, descriptions of what had worked out well and what had not worked out, and further comments. Jenny wrote 14 logs during the 7-month period. She also spontaneously wrote five emails commenting on the logs. Since the comments sometimes clarified the logs, the emails were compiled into the log text.



4.3.1.2 Classroom observations and teacher interview

The observations and interview were used to collect further examples and details about the implemented classroom practice. The framework by Wiliam and Thompson (2008) that operationalizes the definition of formative assessment by Black and Wiliam (2009) was used in the data analysis. Both the observation scheme and the interview guide were structured in accordance with the key strategies in the framework. These key strategies are: (KS 1) working with students to achieve a common interpretation of the learning goals; (KS 2) eliciting evidence of student learning; (KS 3) providing feedback that moves learners forward; (KS 4) activating students as instructional resources for one another (peer-assessment and peer-feedback); and (KS 5) activating students as the owners of their own learning (self-assessment and subsequent adjustment of learning).

Data was collected from six classroom observations (60–80 min). In addition to focusing on the five key strategies, the observation scheme included support questions such as: ‘How are the learning goals presented?’, ‘How is information about student learning gathered, and how is the information used?’; and ‘How can students identify their progress?’. Indications of how commonly the activities were used in the classroom were noted–for example, if the students reacted with surprise or if the material seemed to have been used before. The researcher took notes throughout the observation. If Jenny informally spoke to the researcher before, during or after the observation, that information was included in the field notes.

The interview conducted at the end of the intervention was 80 min long. It was audio-recorded and transcribed. During the interview, information from the teacher log and classroom observations was used to initiate or boost the conversation. Aside from asking for examples and details about the implemented classroom practice, the interview included questions about Jenny’s reasons for using those implemented activities. The interview guide can be found in the Appendix.




4.3.2 Data analysis

To identify and describe the characteristics of the formative assessment practice used by Jenny, an analysis of the collected data was conducted in three steps. First, we identified activities that align with any of the five key strategies in the formative assessment framework by Wiliam and Thompson (2008) described above. Activities not including any characteristics of formative assessment were excluded from the next step of the analysis. In the second step, we also excluded activities that were not regularly used by the teacher; for example, activities were excluded if Jenny expressed or indicated that the activity was new or had only been tested a few times, or if data from the observations indicated that the activity was not commonly used (unused material, uncertain or surprised students, etc.). As a last step, we listed and rigorously described the identified regularly used activities using all available data (logs, observations, and interview) as the basis to characterize Jenny’s formative assessment practice. The four activities that most characterize Jenny’s practice are presented in the results section. The analysis was generally carried out by the first author, but with the assistance of the other authors at times of uncertainty.




4.4 Measures of basic psychological needs satisfaction, autonomous motivation, and behavioral engagement


4.4.1 Data collection

Research questions two and three examine the possible effect of the intervention on changes in students’ basic psychological needs satisfaction and whether changes in needs satisfaction mediate a possible influence of formative assessment on students’ changes in behavioral engagement and autonomous motivation. Therefore, measures of the changes in each of these constructs were obtained by inviting students to answer a questionnaire before and after the intervention. The questionnaire comprised 27 items. All items measuring behavioral engagement and basic psychological needs satisfaction were statements the students could respond to on a scale from 1 (not at all) to 7 (fully agree). The items measuring students’ autonomous motivation were statements of reasons for working during lessons or for learning the course content. The students were asked to mark the extent to which these reasons were important on a scale from 1 (not at all a reason) to 7 (really important reason).

Five items measuring behavioral engagement were adaptations of items from Skinner et al.’s (2009) questionnaire items on behavioral engagement. Items measuring needs satisfaction of autonomy (four items), competence (four items) and relatedness (six items) were also adapted from previously used questionnaire items (Deci et al., 2001; Ilardi et al., 1993; Kasser et al., 1992). Eight items measuring autonomous motivation were adapted from Ryan and Connell’s (1989) Self-Regulation Questionnaire. The adaptations were made to suit the context of the participants, for example by changing from a work context to the school context. Before the study, these adaptations were piloted with students in four other classes of the same age group to ensure that the questions were easy to understand. The questionnaire used in this study, and subsets of it, have been used in several other studies (Granberg et al., 2021; Näsström et al., 2021; Hofverberg et al., 2022; Palmberg et al., 2024). A list of all questionnaire items can be found in the Appendix. An example of an item measuring behavioral engagement is: ‘I am always focused on what I’m supposed to do during lessons’. Example items, respectively, measuring need satisfaction of autonomy, competence and relatedness are: ‘I feel that, if I want to, I have the opportunity to influence what we do during lessons’; ‘I am sure I have the ability to understand the content in this subject’; and ‘My classmates care about me’. An example of an item measuring autonomous motivation is: ‘When I work during lessons with the tasks I have been assigned, I do it because I want to learn new things’. Cronbach’s alpha for each set of the items in spring/fall was 0.89/0.86 for behavioral engagement, 0.85/0.84 for need satisfaction of autonomy, 0.82/0.87 for need satisfaction of competence, 0.94/0.89 for need satisfaction of relatedness and 0.87/0.87 for autonomous motivation, indicating good internal consistency of the scales. To assess unidimensionality of each scale, we conducted exploratory factor analysis on each set of items for each time point. We used principal axis factor as extraction method, and for each scale, at each time point, parallel analysis suggested that only one factor should be retained, indicating that answers to the items are influenced by the same latent factor. We chose not to do exploratory factor analysis on all items for each time point because the low subject to item ratio (<5:1) would make the risk of misclassifying items and not finding the correct factor structure high (Costello and Osborne, 2019). The mean of the items connected to each construct (students’ behavioral engagement; need satisfaction of autonomy, competence, and relatedness; and autonomous motivation) at each time point was used as a representation of that construct at the time point. The composite measure of students’ basic psychological needs satisfaction (BPNS) was calculated by adding the averages of each basic need satisfaction for each time point. Cronbach’s alpha for this measure – calculated for all items measuring the three different psychological needs – was 0.86 and 0.81, respectively, for before and after the intervention.



4.4.2 Data analysis

To investigate the intervention class students’ changes in needs satisfaction of autonomy, competence and relatedness, independently or as a composite measure (RQ2), means and mean differences in the responses to the questionnaire items pertaining to these constructs between fall and spring were calculated for students in the intervention class and those in the comparison classes. To assess whether the intervention class changed their basic psychological needs satisfaction, for each need and as a composite measure, paired sample t-tests were made and Hedges’ g (Hedges, 1981) was calculated to get an indication of the size of the difference. Comparisons between the intervention class and comparison classes (as one group) were performed through independent samples t-tests. For the need satisfaction of relatedness, Welch’s t-test was used, since homogeneity of variances could not be assumed. For each comparison, Hedges’ g was again calculated as an indication of the size of the difference. Although the students were nested within classes, we treated the comparison classes as one group after having examined two types of intraclass correlations in accordance with Bliese (2000). Lam et al. (2015) suggests that multilevel analysis is warranted if ICC(1) exceeds 0.1 and if ICC(2) exceeds 0.7. In the comparison classes, ICC(1) < 0.03, and ICC(2) < 0.34 for all measures. The low ICC(1) means that between-class variation is very small and does not contribute much to the total variation of scores, and the low ICC(2) indicates a low degree of reliability with which class-mean ratings differ between classes.

To investigate whether a possible influence of the intervention on autonomous motivation and behavioral engagement is mediated by basic psychological needs satisfaction (RQ3), we conducted path analysis with Mplus 8.4 on two models. The models were specified with relationships between changes in basic psychological needs satisfaction, autonomous motivation and behavioral engagement, as proposed by Ryan and Deci (2020) and Skinner et al. (2008) (see Section 1.4). First, we used a saturated model in which the intervention was specified to predict changes in the composite measure of basic psychological needs satisfaction (BPNS), students’ autonomous motivation and behavioral engagement, where changes in BPNS predict changes in students’ autonomous motivation and behavioral engagement, and where changes in autonomous motivation predict behavioral engagement. Then, we compared the first model with a more parsimonious model in which BPNS fully mediated the influence of the intervention. All analyses were run using the maximum likelihood estimator and bootstrapping for standard errors. Although the students were nested, the ICC(1) and ICC(2) values for the outcome measures (i.e., autonomous motivation and behavioral engagement) for the whole sample were very low (ICC(1) < 0.012, and ICC(2) < 0.17), indicating that multilevel analysis would be ill advised (e.g., Marsh et al., 2012). Change scores and the composite measure of basic psychological needs satisfaction were used in order to keep the ratio between parameters and sample size as low as possible for the path analysis.





5 Results


5.1 Description of the characteristics of the formative assessment (RQ1)

One overall characteristic of Jenny’s formative assessment practice was the embeddedness of the activities – that is, the formative assessment activities were interwoven with each other and with other aspects of her teaching. Another characteristic was her way of providing the students with opportunities and support to become active agents in the core formative assessment processes by facilitating their motivation and proficiency in carrying out these processes. Below, we present four salient formative assessment activities that characterized and permeated Jenny’s classroom practice: (1) warmups, (2) ‘the thumb’, (3) study groups and (4) teacher feedback. Because Jenny used formative assessment with embeddedness, the activities can often be linked to more than one key strategy.

Jenny used the warmup activity at the beginning of a course module to achieve a mutual understanding of the learning goals and the progress criteria for having attained these goals (key strategy 1). In the warmup activity, Jenny first presented the learning goal (e.g., the knowledge and skills being aimed for, regarding a particular type of text) and then activated the students to collaborate and discuss the main aspects of and progress criteria for this goal. An example of a warmup comes from students’ work with the investigative text type. Jenny provided examples of ready-made texts for the students; the students then worked together in groups to assess the texts using a grading matrix and provided feedback on the texts. The feedback from all groups was discussed among the whole class with the aim of achieving a mutual understanding of what constitutes a high-quality investigative text type. During the rest of the course module, Jenny used the learning goals and progress criteria on a daily basis as a point of reference in her feedback (key strategy 3).

Jenny used ‘the thumb’ as a way of eliciting information about students’ learning (key strategy 2) and the relevance of the learning activities, in order to adjust the teaching and learning in the classroom when needed. But, although Jenny could get a hint of the students’ learning, the activity foremost aimed at supporting students in taking a proactive role in the formative assessment processes (key strategy 5). ‘The thumb’ meant that the students—in the whole class or in groups—responded to Jenny’s questions by pointing their thumbs up (positive), down (negative) or horizontally (as an in-between response). For example, in the data, Jenny asked questions such as: ‘How did the work go for you?’, ‘How did you use the time?’ and ‘What thumb would you like to give this activity?’, and then asked selected students to give the reason for their (thumb) response. ‘The thumb’ activity provided an opportunity for the students to reflect on their learning process and gave Jenny information about, for instance, students’ perceptions of the learning goals and their learning in relation to those goals. For example, between two seminars involving writing about language change (see below), Jenny asked the students about their experiences of the first seminar; together, they concluded that it had only worked for some groups. She then let the groups themselves identify their individual needs and the most helpful way of structuring the second seminar.

The study group activity eventually became an activity Jenny used in most course modules. The main purpose of the activity was to make the students take responsibility for their own learning, albeit with structured support from their peers (key strategy 4 and 5). The students were activated in formative assessment processes as self-regulated learners and through peer-assessment with subsequent peer-feedback. The study group activity was a more complex and long-lasting form of organizational activity than the warmup and ‘thumb’ activities. It included a structure of planned sub-activities that followed one another for several weeks, including: doing a joint exercise before working with individual assignments; sharing work in progress and giving each other feedback within the group; and evaluating the general learning progress of the group. These evaluations included feedback to the group or to Jenny, which was used to determine how to proceed.

In the study groups, the students could have individual assignments but supported each other in carrying out these assignments. Jenny supported the students by explicitly describing the purpose of the (sub-)activities and what the students’ roles were (e.g., assessors and feedback providers to themselves and peers). Furthermore, she modelled these roles, provided opportunities to practice the roles, and then reflected on the activities together with the students. She provided frames for the work that gave students possible choices within those frames. For example, in the course module ‘Language change in Sweden and the Nordic countries’, Jenny organized the groups and presented the learning goal, the most important progress criteria of the learning goal and the sub-activities (key strategy 1). The students could choose which genre of a text they wanted to use and how to present their work to the rest of the class. The students could consult Jenny while making their decisions, but Jenny encouraged the students to turn to each other in the study group. At the start of any study group activity, Jenny talked about the purpose of the activity and emphasized that the study group is there for students to raise issues, discuss and reflect together. To help the students successfully support each other, Jenny discussed and provided opportunities for practice on how to give helpful feedback. Another type of peer-feedback support was access to templates formulating the progress criteria for different types of texts. As the weeks went by, Jenny reminded the students of the purpose of the study group activity, the learning goals and the progress criteria, as well as how to provide helpful goal-related peer-feedback.

Jenny did provide feedback on subject-matter content, but her feedback focus was on helping students to become proactive agents in the formative assessment processes (key strategies 3, 4 and 5). As exemplified above, she planned for activities in which students self-assessed, peer-assessed and gave each other peer-feedback; she then observed her students carrying out these activities and provided feedback focused on these specific processes and on the students’ collaborative learning processes in general. The feedback she gave to students asking for her help was mostly focused on supporting them to be proactive agents in the formative assessment processes. This feedback was provided with the aim of making the students assess their own learning progress and reflect on the goal of the continued work and the reasons why they got stuck. Based on this assessment, she often asked the students to suggest their own strategies for making progress with the assignment. To assist their thinking, she encouraged the students to ask themselves questions and think aloud to find ways to move on. Sometimes she helped the students to take the first step and get started, such as by referring the students to previously successful methods or materials.



5.2 Changes in students’ basic psychological needs satisfaction (RQ2)

The satisfaction of all three individual basic psychological needs, and therefore also the composite measure of basic psychological needs satisfaction (BPNS), increased in the intervention class, although the increase for relatedness was small (see Table 2). The point estimate for the size of the change in the intervention class was large for autonomy [t(19) = 4.960, p < 0.001; g = 1.07], medium for competence [t(19) = 2.438, p = 0.025; g = 0.52], close to zero for relatedness [t(19) = 0.161, p = 0.87; g = 0.04], and large for the composite measure [t(19) = 4.117, p < 0.001; g = 0.88].



TABLE 2 Mean scores and standard deviations (in parentheses) for students’ basic psychological needs satisfaction.
[image: Table2]

Comparing the changes in the intervention class with the changes in the comparison group, t-tests reveal that the intervention class has a statistically significant better development than the comparison group regarding satisfaction of the need for autonomy [t(90) = 3.688, p < 0.001], relatedness [t(76.248) = 2.086, p = 0.040] and BPNS [t(90) = 3.126, p = 0.002], but not for satisfaction of the need for competence [t(90) = 1.166, p = 0.247]. Effect size estimates indicate that the differences are large for the need satisfaction of autonomy (g = 0.92) and BPNS (g = 0.78). For the needs satisfaction of relatedness and competence, Hedges’ g is 0.34 and 0.30, respectively.



5.3 Needs satisfactions’ mediation of the influence of the formative assessment practice on students’ engagement and autonomous motivation (RQ3)

Zero-order correlations for the constructs used in the path analysis (Table 3) reveal significant relationships between all variables except between the intervention and autonomous motivation and between the intervention and behavioral engagement. Table 4 displays means and standard deviations for autonomous motivation and behavioral engagement.



TABLE 3 Correlations between measures used in the path analysis.
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TABLE 4 Mean scores and standard deviations (in parentheses) for students’ behavioral engagement and autonomous motivation.
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The results of the path analyses are depicted in Figure 1, with standardized path coefficients, standard error and significance level of coefficients for a saturated model and for a more parsimonious model in which the influence of the intervention on autonomous motivation and behavioral engagement is fully mediated by the composite measure of basic psychological needs satisfaction (BPNS). The more parsimonious model has excellent fit (Hu and Bentler, 1999; Steiger, 2007) [χ2(2, 92) =0.211, p = 0.900; CFI = 1.00; RMSEA = 0.00; SRMR = 0.011] and, in the saturated model, the paths representing direct effects on autonomous motivation and behavioral engagement from the intervention have very small and nonsignificant path coefficients. This finding implies that any possible influence of the intervention is fully mediated by BPNS. Tests of indirect effects in the parsimonious model show that there is in fact a statistically significant indirect effect on behavioral engagement from the intervention through BPNS (β = 0.115, SE = 0.044, p = 0.009) but not via autonomous motivation (β = 0.023, SE = 0.014, p = 0.115). Furthermore, there is a similarly sized indirect effect on autonomous motivation from the intervention via BPNS (β = 0.114, SE = 0.047, p = 0.015). The hypothesized relations between basic psychological needs satisfaction and autonomous motivation and behavioral engagement are both significant and in the expected direction, whereas the relation between autonomous motivation and behavioral engagement is in the expected direction but not significant (p = 0.074).

[image: Figure 1]

FIGURE 1
 Path diagrams for the saturated model (top) and parsimonious model (bottom) with estimated relationships between the manifest variables. INT represents whether students belong to the intervention group (1) or not (0); BPNS is basic psychological needs satisfaction; AM is autonomous motivation; and BE is behavioral engagement. Path coefficients are standardized with SE in parenthesis, and asterisks indicate significance level as follows: *p < 0.05, **p < 0.01, and ***p < 0.001.





6 Discussion


6.1 Research question 1 characteristics of the implemented formative assessment practice

We began the results section by describing the characteristics of Jenny’s formative assessment practice as a means of making sense of the results of the study’s two main research questions (RQ2, RQ3). We conclude that Jenny’s practice includes activities where she acts as the main proactive agent in the core formative assessment processes (identifying students’ learning needs and providing feedback and learning activities adapted to these needs) as well as activities where she provides her students with opportunities and support to become proactive agents in the core formative assessment processes (peer-assessment with peer-feedback, and self-assessment with subsequent actions to meet identified learning needs). We will use this conclusion and the identified characteristics in the discussion below.



6.2 Research question 2 changes in students’ psychological needs satisfaction

The results concerning Research question 2 show that, in comparison with the comparison classes, psychological needs satisfaction increased in the intervention class in which the formative assessment practice was implemented, and the increase was statistically significant for all needs constructs except perceived competence. In addition, the increase was large for both perceived autonomy and the composite measure of all three needs. This increase in perceived autonomy compared with the comparison group is larger than the association between perceived autonomy and the formative assessment practice focusing on teacher feedback reported by Pat-El et al. (2012), but smaller than the reported increase from the practice described by Granberg et al. (2021) in which both the teacher and the students to a larger extent than in the present study were proactive agents in the formative assessment processes. The increase in students’ perceived relatedness compared with the comparison group is smaller than that of perceived autonomy, but the same size as the association between perceived relatedness and the formative assessment practice reported in Pat-El et al. (2012). The increase in perceived competence in this study is the same size as the increase in perceived competence accomplished by the formative assessments investigated by Hondrich et al. (2018) and Rakoczy et al. (2019), but smaller than the increase in perceived competence from the formative assessment studied by Wollenschläger et al. (2016). These three studies focused on formative assessment focused on the teacher as the proactive agent. The increase in perceived competence in the present study was much smaller than the increase from the practice described by Granberg et al. (2021) in which both teacher and students to a very large extent were proactive agents in the formative assessment processes. Thus, the results of this study complement the existing literature by showing that this type of formative assessment may produce similar effects on students’ satisfaction of their three individual psychological needs–and even larger effects on students’ perceived autonomy–than the formative assessment practices focusing on the teacher as proactive agent in the formative assessment processes reported in the literature. However, the results also indicate that classroom practices that to an even larger extent include both the teacher and the students as proactive agents in the formative assessment practices, such as the one described in Granberg et al. (2021), may accomplish even larger effects. The large increase in students’ perceived autonomy in the intervention class may be understood through the many ways Jenny showed interest and trust in the students’ ideas and capability to take responsibility, as well as the many opportunities students were provided to make choices within given frames. That teacher activities with such characteristics would enhance students’ sense of autonomy is described within self-determination theory and have been empirically shown in several studies (Ryan and Deci, 2000; Ryan and Deci, 2020). The potential impact of these activities may also explain why this practice had a larger effect on students’ sense of autonomy than the practice focusing mostly on teacher feedback described by Pat-El et al. (2012), and less effect than the practice described by Granberg et al. (2021). The former practice did not include many of these types of activities while the latter included even more activities with these characteristics than Jenny’s practice.

Perceived competence may have been facilitated by the support Jenny gave the students in understanding the goals and progress criteria as well as in assessing and giving feedback to themselves and each other in order to recognize their learning and how to take the next learning step. Several researchers (e.g., Andrade and Brookhart, 2020; Hondrich et al., 2018) have argued that understanding a goal and having the experience that one can reach it can enhance a sense of competence, and this is also posited by self-determination theory it (Ryan and Deci, 2020; Ryan and Deci, 2000). However, it is possible that the students’ perceived competence would have been further facilitated by complementing the students’ feedback with more frequent feedback from the teacher to clarify the learning the students had accomplished. Teacher feedback may sometimes be experienced as more trustworthy if coming from the teacher (Bader et al., 2024).

The students’ perceived relatedness decreased in the comparison classes, while remaining very high in the intervention class. This lack of decrease in the intervention class may have been due to all the collective discussions and group work incorporated in the classroom practice. Indeed, Heritage and Wylie (2018) argued that supporting students as peer-assisted and self-regulated learners by arranging for information from self-assessment and peer-assessment to affect classroom practices would enhance students’ sense of relatedness. However, Jenny’s practice did not increase the students’ perceptions of relatedness when comparing their responses to the questionnaire at the two timepoints. This may have been due to their very high perceptions of relatedness already at the time of the first questionnaire when many students had already responded with the highest possible response. However, although Jenny aimed to foster a classroom climate in which students helped each other, student–student interactions do not always accomplish mutual trust and feelings of care. Implementing a more comprehensive system to ensure that these interactions actually foster a sense of belonging and connection may have been necessary for greater enhancement of perceived relatedness. This could have entailed a larger focus on helping students to provide peer feedback with comments experienced as given out of care. Self-determination theory stresses that feeling respected and cared for is a central tenet of relatedness (Ryan and Deci, 2020; Ryan and Deci, 2000). It is also possible that a longer period of time would have been required for students to fully experience the benefits of peer feedback, as well as to develop trust in and appreciation for this type of feedback, which could have led to increased perceived relatedness.



6.3 Research question 3 psychological needs as a mediator of effects of formative assessment

Our third research question concerns the mechanisms underlying the effects of formative assessment on autonomous motivation and student engagement by focusing on psychological needs satisfaction as a mediator of these effects. The existing studies on the mediating effects on autonomous motivation—all of which involve the teacher as the proactive agent in the formative assessment processes—show mixed results for the individual needs satisfaction of perceived autonomy, competence and relatedness as mediators of the effects of formative assessment on autonomous motivation (Hondrich et al., 2018; Kiemer et al., 2015; Pat-El et al., 2012). The present study complements this research in two ways, by (1) providing empirical evidence that a composite construct of the satisfaction of all three psychological needs may mediate an increase in autonomous motivation from formative assessment; and (2) doing so by involving a practice that also includes students as proactive agents in the formative assessment processes. Moreover, this study shows that basic needs satisfaction can also mediate the effects of formative assessment on students’ engagement in learning activities, which to the best of our knowledge has not been previously empirically investigated. Thus, the results indicate that this type of formative assessment practice has the potential to enhance both students’ autonomous motivation and their engagement in learning activities by facilitating their satisfaction of the psychological needs of autonomy, competence and relatedness.

The effects on psychological needs satisfaction from the kinds of activities included in the implemented formative assessment practice fits well with self-determination theory, and the subsequent mediating effects on autonomous motivation and engagement is aligned with self-determination theory (Ryan and Deci, 2020; Ryan and Deci, 2000) and self-system model of motivational development (Skinner et al., 2008) respectively. Self-determination theory also hypothesizes that an increase in autonomous motivation leads to greater engagement (Ryan and Deci, 2020). We therefore expected to find a relation between autonomous motivation and engagement. The estimate for this relation was in the anticipated direction, but not statistically significant. We would not argue that this necessarily implies that there is no real relation between autonomous motivation and behavioral engagement. Another possibility is that the relatively small number of students in the intervention group limits the possibilities to detect weaker relationships (see Section 6.5).



6.4 Implications for practice

The results of the study imply that formative assessment may be used to enhance student motivation, and that practices in which both the teacher and the students are proactive agents in the formative assessment processes could accomplish larger effects on motivation than practices in which only the teacher acts as the proactive agent. The results also imply that it could be beneficial to design the activities so to facilitate students’ satisfaction of the three psychological needs of autonomy, competence and relatedness. Such activities would include supporting students in understanding the learning goals and criteria for progress, providing feedback that recognizes the students’ learning progress, and supporting the students’ motivation and ability to autonomously and proactively assess their own and their peers’ learning and provide supportive peer- and self-feedback.

However, developing such practices is not an easy endeavor. These practices place great demands on the teacher because it both requires students to take a more active role than they are used to and requires the teacher to replace well-known activities with activities they may not feel comfortable and competent doing. Implementing formative assessment that enhances student motivation also seems to require making more well-grounded decisions than traditional teaching (Näsström et al., 2021), and although involving students as proactive agents in the formative assessment processes has the potential to provide more ways of influencing student motivation than practices in which only the teacher is the main proactive agent (Palmberg et al., 2024) those practices require additional decision-making and teaching competencies to carry out effectively. Thus, to successfully develop such formative assessment practices it is likely that teachers would need substantial professional development support. But, implementing such practices has been found to be difficult even with professional development support (e.g., Heitink et al., 2016; Yan et al., 2021), and in particular with large-scale professional development initiatives (Anders et al., 2022). However, several studies have identified characteristics of teacher professional development programs that are important for teachers to be able to develop formative assessment practices (e.g., Andersson and Palm, 2018; Boström and Palm, 2020), and examples of professional development support that has accomplished formative assessment implementation with positive effects on student motivation do exist (e.g., Näsström et al., 2021; Palmberg et al., 2024).



6.5 Limitations and future studies

A limitation of the study is the rather small sample consisting of 20 students in one intervention class and 72 students in four comparison classes. Thus, generalizations of the results of this study to other contexts must for several reasons be made with caution. The rather small, and unbalanced, sample also make the study underpowered to detect smaller effects. Also, the inclusion of only one intervention class does not allow for a variation in contextual factors (such as other teacher characteristics, school factors, and national policies) and in a variation in the characteristics of classroom practices grounded in the same formative assessment principles. Furthermore, the use of only one intervention class introduces the risk of bias connected to the teacher’s role. The teacher’s personal characteristics rather than the formative assessment practice might influence the results. However, administering the first questionnaire after 2 months of regular teaching in both the intervention class and the comparison classes creates a measurement of the effects of the teachers’ regular teaching in their respective student groups. Thus, when comparing the students’ responses to the questionnaire at time point 2 with their responses at time point 1 the only difference in teaching is the implemented formative assessment in the intervention class. Possible effects on students’ motivation pertaining to the intervention teacher’ personal characteristics and relationships with her students would likely be similar at both time points.

Another limitation is that we did not analyze the classroom practices in the comparison classes. If some of the teachers in the comparison classes also would have developed formative assessment practices in significant ways, this could have influenced the results. However, teachers need extensive professional development support to implement formative assessment (Heitink et al., 2016), and since the teachers in the comparison classes had not received that kind of support it is unlikely that they would have developed such practices. Furthermore, if they had implemented some formative assessment practices similar to that made by the intervention teacher, differences in formative assessment practices would have been smaller. In that case, logically, the effects of formative assessment we found would be underestimates rather than overestimates of the actual effects of the intervention teacher’s formative assessment practice in comparison with non-formative assessment practices. Finally, we chose to use a composite measure for the students’ psychological needs satisfaction. This complements existing studies that all have used measurements of each individual needs satisfaction when investigating psychological needs satisfaction as mediators of the effects of formative assessment on motivation. None of these measures would be better per se, they provide different kinds of valuable information. According to self-determination theory (Ryan and Deci, 2020) all three needs are important for the type of motivation students will develop, so effects on motivation may, for example, sometimes occur when there is an increase in all individual needs satisfaction although none of them are large. Using a composite measure might detect such effects, while using individual measure might not. On the other hand, a limitation of using a composite measure is that it might obscure variation in the influence of the satisfaction of individual needs. Future studies using larger samples of intervention teachers and involving more thorough analyses of the classroom practices in the comparison groups would be valuable for making more generalizable conclusions about the effects of formative assessment on students’ psychological needs satisfaction and about psychological needs satisfaction as a mediator of the effects of formative assessment on students’ motivation type and engagement in learning activities. In such larger studies, there would be a greater chance to identify smaller but still meaningful effects, and it would also be possible to compare the mediating effects of each individual psychological need construct and a composite construct involving all three psychological needs, which could provide further insights into the mechanisms underlying the effects of formative assessment on different manifestations of motivation.
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