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ABSTRACT 

There is strong evidence from the literature that the development of questioning by students can 
have very positive effects on learning. This study has its focus on an online discussion forum 
(ODF), “Questions in Biology”, designed for the development of questioning skills and deep 
learning about Evolution. This strategy was also used as an alternative mode of students’ 
assessment. The ODF was used with 70 undergraduates from Biology/Geology courses at the 
University of Aveiro, Portugal, during the second semester of 2008/2009. Our aim was to explore 
student questioning and learning development as well as the role played by assessment and 
teacher feedback in these processes. 

Data collected included all the student and teacher transcripts from the discussion forum and 
interviews with ten selected students and the teacher. All the transcripts were subjected to content 
analysis. Students’ posts were categorised against the Acquisition-Specialization-Integration 
questioning categories, developed by Pedrosa-de-Jesus and colleagues (2004, 2006) and the 
‘cognitive presence’ in one of the four phases of the ‘practical inquiry model’: 1) triggering event; 
2) exploration; 3) integration, and 4) resolution. The teacher’s posts were analysed according to 
the ‘teaching presence’: 1) design and organization, 2) facilitation and 3) direct instruction. 

Data analysis showed important relationships between student questioning and cognitive presence 
that indicates the development of student questioning in association with higher-order learning. 
Teaching presence was shown to be effective, and the feedback provided by the teacher essential 
for attaining those fundamental goals. Very positive opinions by the students and the teacher 
confirmed the importance of formative assessment and the role of assessment aligned to teaching, 
learning and the desired outcomes. 

We believe that “Questions in Biology” represents a good example of formative assessment and a 
positive contribution for the adoption of teaching, learning and assessment practices in Higher 
Education envisaging higher-level learning. 

THEORETICAL CONTEXT 

Student questioning       

Questioning practices vary deeply from person to person, with significant impact on 
personal achievements. There is strong evidence from research literature in this field that 
the development of questioning by students can have very positive effects on learning 
(Dillon, 1986; Dori and Herscovitz, 1999; King, 1994; Pedrosa-de-Jesus, 1991). By 
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asking questions, students become more actively engaged in learning, stimulating 
cognitive processes and revealing their thinking frameworks.  

Some previous studies by Pedrosa-de-Jesus and colleagues (Pedrosa-de-Jesus, Almeida 
and Watts, 2004; Pedrosa-de-Jesus, Almeida, Teixeira-Dias and Watts, 2006) 
investigated and confirmed relationships between students’ questioning, Kolb’s 
experiential learning and approaches to learning, concluding that students’ questions are 
good indicators of students’ learning development (Pedrosa-de-Jesus et al., 2004, 2006). 
The authors strongly emphasise the importance of encouraging students to ask questions 
in order to promote deep learning approaches. 

Questions are emerging as a very powerful instrument for assessing students’ knowledge, 
acting as diagnoses of their understanding (Dillon, 1986; Pedrosa-de-Jesus, Teixeira-Dias 
and Watts, 2003). Questions can also provide teachers with important evidence on 
learning gains and misconceptions, helping to tune teaching strategies (Dillon, 1986; 
Pedrosa-de-Jesus, 1991). This suggests that students’ questions should also be used in 
assessment for learning, acting as alternative means for assessing knowledge and learning 
development (Dori and Herscovitz, 1999). The use of question-posing skills as alternative 
assessment tools has already been described in the literature with success, suggesting the 
improvement of learning through fostering question-posing skills (Dori and Herscovitz, 
1999; Pedrosa-de-Jesus and Moreira, 2009; Zoller, 2001). 

Online discussion forums 

Educational practices reflect a growing adoption of computer tools to foster online 
collaborative learning. Online discussion forums (ODF) have been used extensively and 
are one of the most commonly used tools (Saadé and Huang, 2009). These asynchronous 
text-based discussions present several advantages for students: more opportunities to 
interact with each other, more time to reflect, to think, and to search for further 
information before making a contribution to the discussion (De Wever, Schellens, Valcke 
and Van Keer, 2006). The discussion generated between peers is seen as promoting 
learning, and the ensuing discourse is regarded both as reflecting and shaping the 
cognitive processes, which are in these contexts of a social nature. The construction of 
knowledge is indeed a social and dialogical process in which students should be actively 
involved (Saadé and Huang, 2009).  

However ODFs present some problems: they are difficult to structure and to moderate, 
and require a “large amount of effort, resources and time” to do so. Also, it is very 
complex to define and achieve a desired outcome from online discussion forums (Saadé 
and Huang, 2009: 88). Another disadvantage could be, for example, the removal of time 
constraints, which may involve both instructors and students with never-ending 
opportunities to learn and work. Additionally, “the lack of visual communication cues is 
another significant disadvantage”, forcing users “to make certain assumptions about their 
audience” (Hara, Bonk and Angeli, 2000:116) 
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Still, some authors believe that higher-order learning can be developed in computer-
mediated learning environments (Garrison, Anderson and Archer, 2001).  For instance, 
Garrison and colleagues have developed a framework as a “means to assess the nature 
and quality of critical, reflective discourse that occurs within a text-based educational 
environment” (2001:7). This framework for a community of inquiry focused on “the 
genesis and manifestation of the cognitive presence concept” as being most central to 
their model and to the success of educational experiences (Garrison et al., 2000). 
Cognitive presence is grounded in the critical-thinking literature and has been defined as 
“the extent to which learners are able to construct and confirm meaning through sustained 
reflection and discourse in a critical community of inquiry” and it “has the potential to 
assess the quality of critical inquiry in terms of providing a means to assess the 
systematic progression of thinking over time” (Garrison et al., 2001:11). Cognitive 
presence is a “vital element in critical thinking” (Garrison et al., 2000:89), which in turn 
is considered an overall goal of higher education.  

These authors believe that their framework “provides directions for future research 
focusing on the facilitation of higher-order learning” (Garrison et al., 2001:22). In spite of 
the importance of these asynchronous discussion forums, the methods used for assessing 
their content and outcomes has predominantly been limited to frequency counts and other 
quantitative measures. Qualitative analysis of online discussion forums is considered to 
be fundamental to assess its contents and outcomes (Marra, Moore and Klimczak, 
2004:23).  

Assessment for learning and feedback 

Studies in the last decade have clearly revealed the central role of assessment practices in 
the learning process (Brown and Knight, 1994; Dochy and McDowell, 1997). Students’ 
engagement in learning is commonly ruled by the demands of assessment (Gibbs and 
Simpson, 2004; Boud and Falchikov, 2006), which strongly influences their behaviour 
and the adopted study methods. When used as a tool for learning (Black and William, 
1998), assessment helps students to gain insight into their progress (Dochy and 
McDowell, 1997), supporting appropriate engagement (Heywood, 2000; Wiliam, 
Harrison, and Black, 2004), as well as promoting higher cognitive competencies.  

Recent work by Black and Wiliam (2009:8) towards the development of a theory for 
formative assessment provides a framework that conceptualizes formative assessment in 
five key strategies for practice. These strategies are illustrated in Figure 1 and take effect 
in ‘moments of contingency’, which represent opportunities for students’ understanding 
to move forward. These moments can be synchronous or asynchronous, where “the 
teacher and the learner exercise the capacity for things to be ‘otherwise’ in terms of the 
learner’s understanding or attainment” (Daly, Pachler, Mor and Mellar, 2010:622). 

In formative assessment the feedback channels can be diverse: teacher–learner(s), 
learner(s)–teacher, learner–learner(s). High-quality interactions between the teacher and 
the learners, such as questioning, listening, responding and reflecting, should be 
promoted in order to be integral to the learning processes (Daly et al., 2010:620) 
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Figure 1 – Aspects of formative assessment (in Black and Wiliam, 2009:8) 

The framework proposed by Black and Wiliam also helps to clarify the complexity of 
formative assessment within e-learning contexts. Findings by Daly et al. (2010: 634) 
suggest that “formative e-assessment is an extremely complex phenomenon, and is best 
understood as a set of processes involving both technological and social resources”. E-
learning contexts create learning conditions in which it is difficult to establish a boundary 
between formative and summative assessments. There is a tendency to conflate formative 
and summative assessments with a view of ‘adaptivity’, here considered as a core 
component of e-assessment processes that involve “those practices which enable the 
learner to adapt and close the gap between current understanding or attainment and a 
further stage or level, that is it has a future trajectory” (Daly et al., 2010: 621). 

Besides the role formative assessment should play as a core component of any 
educational experience, other fundamental aspect to consider when designing teaching, 
learning and assessment is the constructive alignment, according to Biggs’ conception 
(1999). All the assessment tasks should be properly designed to directly assess each of 
the intended learning outcomes defined in the curriculum. In that sense assessment should 
be properly aligned with the teaching and learning processes (Biggs, 1996, 1999; 
Hofstein, Navon, Kipnis and Mamlok-Naaman, 2005; Segers and Dochy, 2006). 

That was a fundamental aspect when designing the “Questions in Biology”, an online 
discussion forum for developing and assessing student questioning and higher-level 
learning. The design of an innovative and alternative learning environment that would 
promote deep approaches to learning and the development of a coherent assessment 
practice with learning and instruction were initial challenges of the discipline of 
Evolution during 2008/2009. Designing and conducting an asynchronous online 
discussion plays a significant impact on the nature of interactions and influences the way 
students approach their learning. Evidence of higher-order learning is usually related to 
the context of the learning environment and to an effective teaching presence that 
encourages participation and triggers discussion (Garrison and Cleveland-Innes, 2005). If 
deep approaches to learning are to be achieved, then there must be a specific design goal, 
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providing clear participation requirements and content expectations. Also, assessment 
should be congruent with the intended goals (Garrison and Cleveland-Innes, 2005).  

The belief that student questioning and deep approaches to learning could be promoted 
through the participation in the “Questions in Biology” forum, lead to the following 
research questions:  

a) What are the main characteristics of students’ questioning registered in “Questions 
in Biology” ODF? ;  

b) Can we find evidence of students’ deep approaches to learning and learning 
development from their on-going participation in this discussion forum? ; and   

c) What is the influence of assessment feedback in students’ participation in that ODF? 

This lead to the following purposes: i) to analyse students’ questioning adopted during 
the discussion; ii) to find evidence of student’s learning development, and iii) to find 
evidence of the role of assessment and the teacher’s feedback during discussion. 

METHODOLOGY  

This work is part of a broader naturalistic research, conducted at the University of Aveiro 
since 2007/2008 with four collaborating professors from the Biology Department. The 
main aim has been the promotion of questioning by biology undergraduates, through the 
design of specific teaching, learning and assessment strategies. This paper focuses on 
“Questions in Biology”, an online discussion forum designed in collaboration with the 
professor responsible for the curricular unit of Evolution, and addressed to 70 
undergraduates from Biology and Biology/Geology courses, during the second semester 
of 2008/2009.  

The “Questions in Biology” forum was open and available for students’ participation 
during all the semester and its contents were related to the topics being covered during 
lectures. Challenges were introduced by the teacher at particular moments, who also 
monitored student participation and gave feedback whenever appropriate. The discussion 
was not intended to be teacher-centred. Instead, interaction was to be facilitated in a 
sustained manner, by moderating and shaping the direction of the discourse. There was a 
first phase of adaptation, over a three-week period, where students were given 
orientations and guidelines on how to participate in a meaningful manner, not being part 
of summative assessment. 

After that adjustment period, students’ participation was assessed by the teacher, 
according to the number and quality of the messages posted, during the following six 
weeks. Students were given specific dates for participation in each of the two periods. 
The purpose was to encourage students to participate evenly throughout the semester and 
try to prevent the completion of their posts at the last minute. After the initial challenge 
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posted by the teacher, the students were free to create new topics for discussion and to 
choose the topics they would like to engage. The discussion activity of two posts per 
theme was mandatory to obtain the marks.  

The assessment criteria were shared and discussed with students at the beginning of the 
semester, including the frequency (number of posts by student) as well as the cognitive 
level of the messages, according to the Acquisition, Specialisation and Integration 
categories for questioning (Table 1), also adopted for the purpose of this research, which 
will be detailed further on. Participation in the discussion forum over that 6-week period 
was worth 7.5% of the students’ final grades.   

All the written contributions to the online discussion forum were collected for research 
purposes, and subjected to content analysis. The complete messages (or posts) were 
chosen as the basic unit of analysis, that is, those forming a complete ‘unit of meaning’. 
We assume that analysing student questioning should not be limited to the sentence or 
question per se, since the entire message is important to contextualize and understand the 
thinking processes underlying questioning. Also, “a complete message provides coders 
with sufficient information to infer underlying cognitive processes” (Garrison et al., 
2001:16-17). All the messages from the online discussion forum were analysed against 
the ASI categories for questioning (Table1), according to Pedrosa-de-Jesus et al. (2004, 
2006) and shown in Table 1:  
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Table 1 – Categories for questioning analysis (ASI system) (Pedrosa de Jesus et al., 2004, 
2006) 

 
According to Pedrosa-de-Jesus et al. (2006), students tend to ask questions that are 
congruent with their stage of learning development, being directly related to the 
acquisition, specialisation and integration phases defined and characterised by Kolb 
(1999). Students in the acquisition phase ask mainly acquisition questions, which are also 
associated with surface approaches to learning – surface questions. Students in the 
specialisation stage, ask mainly specialisation questions, lying in between deep and 
surface questions and sharing characteristics of these two kinds of utterances. 
Accordingly, students in the integration phase will show the ability to ask higher-level 
questions or integration questions, being able as well to ask the other types of questions, 
according to the learning context, the learning demands and their needs.  

It is important to note that the ‘enquiry disposition’ of the student might be embedded in 
the message without them having explicitly formulated a question. So, all the messages 
were coded against the ASI categories even if students had not formulated explicit 
questions (sentences followed by a question mark). 

After we had coded the transcripts against the ASI categories, we decided that it could be 
of great relevance for our purposes to also analyse the students’ messages according to 
the Practical Inquiry Model proposed by Garrison et al. (2000, 2001). This would give 
another dimension to the analysis by means of assessing and finding evidence of 
‘cognitive presence’ within the transcripts. The CoI (Community of Inquiry) framework 
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has already been validated by a number of studies (Arbaugh, Cleveland-Innes, Diaz, 
Garrison, Ice, Richardson and Swan, 2008; Garrison and Arbaugh, 2007) and “has been 
shown to be reasonably robust” (Garisson, Anderson and Archer, 2010: 8). The 
‘cognitive presence’ dimension operationalizes in four categories as described in Table 2. 
The goal in deep learning is to move discussion from exploration, to integration and then 
to resolution. 

 

 
Table 2 – Categories for 'Cognitive Presence'- (adapted from Garrison et al., 2001) 

Also, teacher participation in the forum was analysed, considering the “teaching 
presence”, a concept defined by Anderson, Rourke, Garrison and Archer (2001:5): 

“the design, facilitation, and direction of cognitive and social processes for the purpose of 
realizing personally meaningful and educationally worthwhile learning outcomes.” 
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Teaching presence that “encourages participation, but is not teacher centred” (Garrison 
and Cleveland-Innes, 2005:145) has been shown to be “crucial in the satisfaction and 
success of a formal educational community of inquiry” (Arbaugh et al., 2008:134) and is 
significant in determining “student satisfaction, perceived learning and sense of 
community” (Garrison and Arbaugh, 2007:163). Teaching presence is multi-dimensional, 
consisting of three components (Table 3) that provide valuable guidelines for creating 
and sustaining cognitive presence in an online educational environment: 
 

Design and organization Facilitation Direct instruction 
Involves “designing and 
administering appropriate 
activities that take place 
during the course”; 
negotiating time lines; 
“providing guidelines and 
modelling appropriate 
etiquette and effective use of 
the medium” as well as 
“students’ awareness of the 
explicit and implicit learning 
goals” (Anderson et al., 
2001:6). The design of the 
structure, process, interaction 
and evaluation aspects of the 
online course are particularly 
important activities and one 
of the most consistent 
predictors of successful 
online courses (Swan, 
Richardson, Ice, Garrison, 
Cleveland-Innes and 
Arbaugh, 2008). This role is 
most likely to be performed 
exclusively by the teacher, 
and occur essentially in the 
pre-course activities. 

“This role includes sharing 
meaning, identifying areas of 
agreement and disagreement, 
and seeking to reach 
consensus and 
understanding” which 
“requires the instructor to 
review and comment upon 
student comments, raise 
questions and make 
observations to move 
discussions in a desired 
direction, keeping discussion 
moving efficiently, draw out 
inactive students, and limit 
the activity of dominating 
posters when they become 
detrimental to the learning of 
the group” (Swan et al., 
2008:3). 

Teacher’s “provision of 
intellectual and scholarly 
leadership in part through the 
sharing of their subject 
matter knowledge with the 
students” (Anderson et al., 
2001). This role includes 
“diagnosing comments for 
accurate understanding, 
injecting sources of 
information, and directing 
discussions in useful 
directions, scaffolding 
learner knowledge to raise it 
to a new level”. To play this 
role instructors must have 
both “content and 
pedagogical expertise to 
make links among 
contributed ideas, diagnose 
misperceptions, and inject 
knowledge from textbooks, 
articles, and web-based 
materials. Instructor 
responsibilities are to 
facilitate reflection and 
discourse by presenting 
content, using various means 
of assessment and feedback. 
Explanatory feedback is 
crucial. 

 
Table 3 – Components of ‘Teaching Presence’ 

Beside the content analysis of all the forum transcripts concerning the three dimensions 
considered – student questioning, cognitive presence and teaching presence – semi-
structured interviews also took place at the end of the semester (June 2009). Ten students 
were selected according to their diverse mode of participation in the forum to explore 
their opinions about the “Questions in Biology” forum as well as the influence of 
assessment and feedback on their participation. The teacher was also interviewed in order 
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to better understand his opinion about the effectiveness of this strategy concerning the 
initial goals and the achievement of students’ intended outcomes. The interviews were 
transcribed verbatim and subjected to content analysis. It is very important to 
complement data from the interviews with those from the discussion forum.  

The data collection, both from the online discussion forum and interviews, was carried 
out with the informed consent of the students and teacher. We have employed 
pseudonyms in order to guarantee student and teacher anonymity in line with university 
ethics procedures. 

The transcripts selected for illustrating important aspects of discussions were translated 
into English by the researchers, the authors of this paper, since the language of instruction 
was Portuguese. 

FINDINGS AND DISCUSSION  

Student questioning and cognitive presence 

Two hundred and five students’ posts were collected for summative assessment, 
corresponding to their participation during the six-week period. It is important to clarify 
that during this period the teacher introduced two main challenges on specific dates 
previously agreed with students. The first challenge opened the first 3-week period and 
the second one took place during the final 3-weeks. Each student should post at least two 
messages during each period in order to assure a continuous participation and its 
inclusion in final assessment. 

From the total number of students attending this curricular unit, 14 did not participate at 
all in the online forum, 39 students participated during the 6-week period and 17 only 
have participated on the first challenge corresponding to the first 3 weeks (Table 4).  
 

Type of participation Number of 
students 

% Students 

No participation 14 20% 
Participation only in 
the 1st challenge 

17 24% 

Participation only in 
the 2nd challenge 

0 0 

Participation in both 
challenges 

39 56% 

Total  70 100% 
 

Table 4 – Students' participation in the forum 

The total number of student posts during the first challenge was 126, representing a mean 
number of 2.25 messages per student. During the final challenge the number of messages 
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decreased (79 messages) considered as a direct consequence of the reduced number of 
students involved, when compared to the first challenge. However, the mean number of 
messages per student was not so different, corresponding to two messages per student, 
having satisfied the minimum requirement.  

Student feedback from the interviews revealed that another reason associated with this 
decrease in participation during the second challenge could be the nature of the theme 
itself and some difficulties in dealing with the topics addressed: 

Jorge: “For example, on the last theme, I was not able to comment until the day before 
because I thought it was too complex, and there were too many things to read (…) I 
didn’t know what to write, it was a theme difficult to comment on.” 

We could also consider it as one of the reasons to explain the decrease in the number of 
integration episodes on the second challenge (Figure 2). Also, many messages were 
posted close to the deadline during this challenge, which could have compromised its 
quality, as stated by Manuel: 

Manuel: “When I realised that the deadline was so close I said to myself “I need to do 
something!”… but I saw so many things written in the forum that I realized I wouldn’t 
have time to read it all, so I have decided to chose 2 or 3 topics and answer them… I 
wrote just a brief message based on those topics.” 

 
 

 

Besides that, the global results from the ASI coding could be considered as very positive 
(Figure 2). According to the literature on questioning, the frequency of questioning 
episodes at the integration level tends to be lower, even when written communication is 

Figure 2 – percentage of student posts in each challenge according to the 
ASI coding system (NC stands for non-classified posts) 
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privileged. Accordingly, the acquisition level of questioning tends to be generally more 
expressive (Pedrosa-de Jesus et al., 2006).  

However, we cannot draw a straight conclusion regarding student progression in learning. 
After analysing each student message according to the ASI questioning scheme we have 
found that no particular patterns of questioning could be associated with individual 
student progression in learning. It would be expected that we could find an improvement 
in question-posing by students during the participation in the forum, from the acquisition 
phase to the integration phase, which would, in turn, reflect a progression in the learning 
continuum. Instead, we found that nearly all students (around 80%) were able to employ 
any of the three approaches to questioning, based on the different requirements of the 
discussion. Students moved from one approach to another depending on the context of 
the learning environment. This was clearer with students who posted a higher number of 
messages. Some contextual factors that were indicated in the development of deep 
learning and that may have played a influence here could be “the workload and time 
constraints, the opportunity for metacognition, the shift of learning management to the 
students themselves, and instructor explanation, enthusiasm and empathy” (Garrison and 
Cleveland-Innes, 2005:138). ‘Context’, “in technologically enhanced learning situations, 
becomes a malleable concept”, (…) “it is constantly evolving and being re-made by 
learners: they make changes in the ways they interact with others and with technologies, 
and thus change the learning conditions which exist and which shape what can be done 
next”. (Daly et al., 2010:633). The context of the learning environment would influence 
the way students approach their learning. In an “engaging, instructive and influential 
learning environment, an increase in deep learning is the change most likely to occur” 
(Garrison and Cleveland-Innes, 2005:139). 

Also, some other factors may contribute to the complexity associated with the analysis of 
students’ learning development during an ODF: (i) knowledge construction and 
progression in learning in these environments are not an individual endeavour, but a 
collaborative and social one; (ii) different and parallel themes or challenges addressed at 
the same time; (iii) previous posts from other participants might, or might not, have an 
effect on a particular student intervention; (iv) the presence and type of interaction 
between the students and the teacher is variable; (v) the teacher presence is an important 
influence for the development of the discussion. 

For those reasons, we also decided to analyse the student transcripts according to the four 
phases for cognitive presence, trying to find relationships with the student approaches to 
questioning previously identified. This would be a contribution to characterise the type of 
preferential questioning occurring in each phase of practical inquiry. Assessing and 
finding evidence for cognitive presence has some methodological challenges. It is an 
inductive and subjective process by the observer/coder, since the transcripts analysed are 
part of the process that is made visible and public (Garrison et al., 2001). 

Another difficulty could be the use of message posts as a coding unit, which can have 
very different lengths. A single message can address a variety of topics and may contain 
“some contradictory categorization cues or evidence of multiple phases of cognitive 
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presence”. In these cases it is “important to regard that higher levels of critical thinking, 
such as integration and resolution, borrow characteristics and process from previous 
phases”, so the coding-up (i.e. to the latter phase) is recommended when evidence of 
multiple phases is present (Garrison et al., 2001:17). In fact, we have found some 
difficulties in coding integration and resolution phases. According to Garrison and 
colleagues (2001:11), “progression to the fourth phase requires clear expectations and 
opportunities to apply newly created knowledge” and can also represent a “moving on to 
a new problem with the assumption that students have acquired useful knowledge”; this 
can lead to “further problems and new triggering events, thus causing the process to start 
over.” 

Besides the difficulties concerning the content analysis process, we can however establish 
some relationships between the levels of student questioning and the phases of the inquiry 
process, manifested by cognitive presence (Figure 3). Indeed, there is evidence of a 
tendency for the exploration phase being mainly associated with questions at the 
specialisation level as well as some questions at the acquisition level. This is a 
brainstorming phase where students feel free to share their insights, trying to expand 
knowledge and test their ideas. Accordingly, high-level questioning is mainly a 
characteristic of the latter phases. In the integration phase we can find mainly integration 
questions, but also episodes where the specialisation approach prevails. The resolution 
phase was mainly characterised by the presence of the integration questioning approach. 
However, since this phase can be classified by the upcoming of new triggering events, 
causing a new initiation phase, it was sometimes difficult to categorise it, since these 
episodes can reveal different types of questioning. As a result of this, it is possible to 
identify/classify triggering events at all of the questioning levels. Apart from being an 
initiation phase it does not necessarily mean that it has to be characterised by low-level 
questioning. For example, triggering events that have resulted from a resolution phase 
can be characterized by integration approaches to questioning. 

 
Figure 3 – Relationships between questioning approaches and phases of cognitive presence 

Generally speaking, the creation of this online forum as an opportunity for written 
communication seems to have contributed to enhance the development of student 
questioning and higher-level learning about Evolution. Text-based communication 
provides time for reflection, for organising and structuring ideas, for encouraging 
discipline and rigour in thinking and communication, being very closely connected to the 
development of critical thinking (Garrison et al., 2000).  
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The students interviewed reinforced these qualities of the forum in promoting knowledge 
construction as well as the development of important competencies in higher education:   

Ana Sofia: “I think that there is a need for a person to evolve, to devote great effort in 
overcoming higher levels of difficulty (…) This (forum) stimulated us to a new activity, 
allowing me to use other techniques of research, a research addressed to a discussion, a 
theme that was going to be discussed with other people, so I had to be well prepared in 
case someone would ask me a question that I would have to answer. So, I think it was 
very positive in that respect.”  

Emanuel: “I think we have basically developed critical thinking. In fact, I realise that 
along the semester.” 

Bruno: “Biology is very linked to practice and nowadays for a person to be successful has 
to have not only his theory or study, but also know how to communicate it and make it 
public to the scientific community, and I think in that respect this strategy helped.” 

Alexandre: “The access to the Internet is very positive for shy people or, for some reason, 
have fear to talk. I recognize that some colleagues who never talk during classes were the 
most participative students in “Questions in Biology”. This shows how is important to 
give opportunities for these people to express their ideas. (…) (the writing process) was 
also very important for effectively developing other capacities such as citing others’ work, 
to search for information and write our text and our ideas with scientific support. It really 
helped us in doing that, and we get used to doing it.” 

The teacher also shared these opinions by stressing the importance of this discussion 
forum in attaining fundamental goals and providing the development of learning and 
some competencies such as questioning or critical thinking: 

 “In this case, writing online comments requires groundwork from the students; they need 
to investigate the subject, which sometimes is not even approached during lectures. If 
they want to make a critical analysis probably they will need to get specific literature to 
support their ideas, and this involves a lot of work” (…) “When raising a question, there 
are dimensions that probably we didn’t even think they will need to work in order to 
develop that question. When formulating a question some background is needed for 
supporting it; if the background knowledge is limited it will also limit the formulation of 
a question… And of course, there are different levels of questions, a direct question is an 
immediate question, a very easy one, but a more elaborated question requires groundwork 
from the student that implies more time devoted, more time to think about these 
subjects.” 

Teaching presence and feedback 

Fostering a deep approach to learning involves the design of assessment congruent with 
the development of the intended goals, in this case questioning and deep learning. 
Regarding “Questions in Biology” as an alternative mode of assessment, the interviewed 
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students have expressed their opinions, generally agreeing with its’ inclusion in the 
assessment process: 

Paulo: “I think that to change teaching, the modes of assessment should be changed first. 
(…) The “Questions in Biology” is a very important strategy but it has to be assessed. 
Otherwise students, and I speak by myself, won’t participate as they are not obliged to do 
so.” 

Inês: “It is important for us to start developing some competencies, since we are going to 
be biologists. So I believe that it is important to have other strategies of assessment 
besides the exams so we can end up developing the competencies that are going to be 
assessed by those methods. (…) this method of assessment accounts for our capacity of 
questioning and argumentation… and formulating questions when we have a topic in 
front of us is in fact important.” 

Also, they all agree about the impact of assessment on student engagement: 

Teresa: “Of course it influences, it is an assessment… In fact, it was evident during the 
formative period where the number of participations was less than half when comparing 
with other (challenges) for summative purposes. If it counts for assessment people devote 
more attention.”  

João: “I think that the students’ head is formatted for what is going to be assessed, 
independently from other underlying goals. Maybe the teachers intend to stimulate us, 
and we are stimulated without knowing it, but our goal is only to think about 
assessment… we are guided by the “number” (final grade), and if that number is not 
going to be affected, we will not consider that strategy… If “Questions in Biology” 
wouldn’t have been considered for assessment, less people would participate, although it 
would be still an important strategy.” 

As described briefly before, the online forum was introduced with guidelines and specific 
orientations on how to participate meaningfully as well with the clarification and 
discussion of the assessment criteria with students. There was also a first period for 
adaptation where students were particularly asked to read all the previous comments and 
to structure their intervention according to the guidelines, supporting them with relevant 
literature whenever possible. This first period of formative assessment was considered as 
an essential component of the online forum. We believed that its development would 
raise the standards of students’ interventions. The interviewed students confirmed our 
expectations being very positive about the provided guidelines: 

Inês: “I think it was very important for us to have that structure. It is very important to 
have a model, otherwise, I would have participated anyhow but without considering it. In 
that case it wouldn’t have been created a chain of participations that allowed for answers 
and even more questions, besides the initial topic.”  

Alexandre: “It is always important to know the assessment criteria. In every discipline we 
should know where and how we are going to be assessed (…). Concerning the “Questions 
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in Biology” it was effectively positive to have clarification, that way I knew how a 
comment with some characteristics would be assessed …” 

Students greatly valued the teacher’s feedback, being very concerned to follow his 
comments and to continue the discussion with him. 

According to Black and Wiliam (2009:17), preparing effective feedback involves two 
steps, “the diagnostic in interpreting the student contribution in terms of what it reveals 
about the student’s thinking and motivation, and the prognostic in choosing the optimum 
response: both involve complex decisions.” 

The use of student answers “to catalyse their further involvement in a learning discourse 
between peers” is far more complex than “dealing with a single student’s response in an 
individual tutorial” or a whole-class dialogue, although the teacher has more “time to 
consider how best to respond” (Black and Wiliam, 2009:25). The subsequent interactions 
will be a one-to-one interchange with students engaging in monologues without 
connecting to other contributions. This is in fact one of the challenges that teachers face 
when managing discussion (Garrison and Cleveland-Innes, 2005) which was evident 
from the initial interactions of “Questions in Biology” where students have replied 
directly to the teacher, constructing meaning in an individual and isolated manner. The 
teacher realised this behaviour very soon, in spite of the emphasis put on the importance 
of students’ interactions: 

“I realised that very soon. After I have written a post, the discussion between the students 
tended to drop. Messages were posted with the perspective of delivering a message to me. 
But that was not the point. It was their discussion.” 

The teacher had a fundamental role in dealing with this problem, structuring his 
participations by integrating his own and other students’ ideas, giving structure and 
guidance for ongoing participation. It is known from the literature that “teaching presence 
contributes to the adoption of a deep approach to learning and that interaction by itself 
does not promote a deep approach to learning” (Garrison and Cleveland-Innes, 2005, 
p.140). The progression along the inquiry process, ensuing continuing cognitive 
development, especially in the later phases, requires active teaching presence to diagnose 
misconceptions, to provide probing questions, comments, and additional information. 

The teacher participation in the forum resulted in a total number of 16 interventions along 
the 2 periods, 8 posts for each period. This finding shows that students dominated the 
discussion, not the teacher, making this forum more student-centered, which was one of 
the initial challenges. The teacher tried to purposefully create a learning environment 
wherein students were in charge of their own learning and responsive to each other.  

All the teacher’s messages were analysed (content analysis) against the categorization 
proposed by Anderson et al. (2001) for teaching presence, as described before: a) design 
and organization, b) facilitation, and c) direct instruction. It is important to stress that the 
teacher was not familiar with the concept and categories for teaching presence. His 
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participation in the forum was personal and intuitive, not following any guidelines on 
how to give feedback to students.  

We have followed the guidelines suggested by the authors concerning the coding process 
allowing for the “possibility that a single message might exhibit characteristics of more 
than one category” (Anderson et al., 2001:11). Only one of the teacher’s posts showed 
indicators for the “design and organization” category, which is not a surprising result 
since this kind of teacher role took place mainly during the lectures before the forum had 
been initiated. The largest number of teacher messages (N=8) included two categories of 
teaching presence, both “facilitation” and “direct instruction”, as is illustrated in Table 5. 
A recent study on the validation of the teaching presence category confirms a “high 
degree of correlation” between the three dimensions for teaching presence which “implies 
that the online learning environment is a demanding one where the instructor has to fulfil 
all three dimensions of teaching presence well”; in other words, addressing one or two of 
the components “will not be enough since all three components are distinct yet highly 
correlated with each other” (Arbaugh and Hwang, 2006:17). According to this, our 
findings suggest that teaching presence was effective, since all the dimensions were 
identified in the teacher’s participation. Although, the “design and organization” category 
was not so expressive in the posts, this dimension was predominant in face-to-face 
lectures before starting the forum and in some of the lectures during the forum.  

 

 “Facilitation” “Direct 
instruction” 

“Facilitation” 
+ “Direct 

instruction” 

“Design and 
organization”+“Facilitation” 

+ “Direct instruction” 

1st period 1 2 5 - 

2nd period  1 3 3 1 
 
Table 5 – Classification of teacher posts 

Besides this, it is important to stress the teacher’s opinion and experience when 
delivering feedback to students and some of the limitations associated. According to him, 
it was not always possible to give appropriate feedback, particularly when the number of 
posts was too large in a short period, which happened mostly near the deadline of each 
period of participation. According to him, the difficulties in addressing effective feedback 
are one of the major problems of online discussion forums: 

“I believe that the big problem about the “Questions in Biology” is the feedback that the 
teacher is able to give during the semester. There are some moments where the number of 
students’ participations increases a lot, and being actively engaged and giving feedback 
really difficult to accomplish.” 

The teacher has also considered the assessment of student posts, according to their level 
of quality in the ASI system, as a very demanding task: 
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“It was very complicated, but fortunately we have decided upon those criteria, and using 
those guidelines made it easier to me… But I think it’s extremely complicated, actually I 
had to go back when I was classifying … because classifying all those questions in those 
students contexts and trying to be fair and objective, it’s complicated… for several times 
I needed to go back and check.” 

Another difficulty of this type of assessment is that is very time-consuming. However the 
results were very encouraging and the teacher felt very positive about the adoption of this 
kind of forum: 

“This kind of strategy is very time consuming. But the final balance is very positive. It 
helps me to feel more confident about the students’ final grade. I started to know better 
the students…almost each student (…) It would be very good that after this experience 
the students would have a similar experience, for example, in other discipline of the 
second year, because probably we would form better professionals at the end… that is my 
feeling.” 

CONCLUSIONS  

This study aimed at promoting students’ questioning and deep learning about Evolution 
based on the development of an online discussion forum, “Questions in Biology”. 

The content analysis of the online transcripts, considering student questioning, revealed 
that this asynchronous text-based environment had stimulated the expression of higher-
level questioning. Indeed, during the semester, students moved from one questioning 
approach to another according to particular contexts of the learning environment. It was 
also possible to associate the formulation of specific questions with phases of cognitive 
presence, realising that higher-level questioning occurred mainly in the latter phases of 
the inquiry process, namely the integration and resolution phases. Although in the 
original model proposed by Garrison et al. (2001:14) the element of “asking questions” 
was described only as an indicator of the “initiation” and “exploration” phases, in this 
study we found that other dimensions of questioning could also characterize the higher 
phases of cognitive presence. These relationships between student questioning and phases 
of cognitive presence helped us to progress in the understanding of the nature of online 
interactions that can be supportive of high-level learning, namely in this community of 
inquiry. However, this could be a particular feature of this online forum, since the 
purposes of the “Questions in Biology” gave particular relevance to the development of 
questioning by students. Even though, student questioning may be an important indicator 
to consider when designing, conducting and assessing online discussion forums with the 
perspective of higher-order learning. 

Student and teacher opinions, revealed during the final interviews, showed the 
importance of “Questions in Biology” for promoting questioning and higher-order 
learning. They concluded that “Questions in Biology” enhanced the attainment of 
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fundamental goals, such as meaningful learning, and the development of some core 
competencies, such as questioning.  

The findings from this study reinforce the assumption that higher-order learning can be 
developed in online discussion forums (Garrison et al., 2001) when appropriate design 
and teacher presence are ensured. 

A key tool for achieving higher-level questioning and higher-order learning was indeed 
the teacher’s role, here analysed following the concept of teaching presence. We found 
that the teacher’s role was “powerful in triggering discussion and facilitating high levels 
of thinking and knowledge construction” (Garrison and Cleveland-Innes, 2005:137). 
Teacher participation in the forum revealed high levels of teaching presence mainly 
trough the roles of “facilitation” and “direct instruction”. The “design and organization” 
role was assumed mainly during the pre-forum activities and was also considered a 
fundamental aspect for the good development of the discussions. The presence of the 
three dimensions suggests that teaching presence was effective. 

We also believe that assessment and feedback were essential for attaining the 
fundamental goals: the frequency and quality of student intervention, based on their 
questioning and higher level learning. There was a constant concern and permanent 
consideration of students’ questions and feedback, and of student–teacher and student–
student interactions along the “Questions in Biology”. This evidence was continuously 
used to adapt this strategy to meet student needs as well as the desirable learning goals. 
The process of designing and implementing this strategy is a continuous one and reflects 
the introduction of small modifications in teaching, learning and assessment, with 
emphasis on the importance of formative feedback. 

The importance of assessment aligned with the intended learning outcomes leading to 
better achievements was also strongly emphasised. Since student participation was 
considered in the final grade, more relevance and engagement was devoted to a 
meaningful participation, showing very positive results.  

Besides the complexity associated with formative assessment within e-learning contexts, 
all data collected from this forum lead us to believe strongly that “Questions in Biology” 
represents a good way of formative assessment. This study is also a positive contribution 
for the adoption of teaching, learning and assessment practices in Higher Education 
envisaging higher-level learning. 
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