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Abstract—This research work in progress research paper 

examines student perceptions after completing an exploratory 

learning lesson before instruction on an introductory 

programming concept. During exploratory learning activities, 

students explore a novel concept prior to instruction—the reverse 

of typical instruct-then-practice methods. Exploratory learning 

before instruction can help students activate prior knowledge, 

become aware of their knowledge gaps, and discern important 

problem features to improve conceptual understanding. Students 

in a first-year engineering course (N=402) learned about Python 

error messages in one of two conditions. In the explore-first 

condition, students completed a collaborative activity prior to 

instruction. In the instruct-first condition, students received 

instruction prior to the activity. Following the activity and 

instruction, students completed a survey to assess their 

perceptions of the activities. Survey items (e.g. cognitive load, self-

efficacy, belonging, knowledge gaps) were chosen as potential 

factors that could explain learning outcomes between the two 

conditions. In prior work, we found higher posttest scores in the 

instruct-first compared to explore-first condition, contrary to the 

majority of previous studies. Cognitive load and knowledge gaps 

were higher in the explore-first condition than the instruct-first 

condition. Self-efficacy and competence were lower in the explore-

first condition. No other significant differences were found. 

Exploring before instruction might disrupt learning and perceived 

efficacy and competence if the activity is too challenging, or if the 

instruction does not fully resolve gaps in students’ knowledge.  

Keywords—exploratory learning, productive failure, 

engineering education, programming 

I. INTRODUCTION 

Engineering students are introduced to a wide variety of 
topics in their first year, many of which are foundational for 
more advanced topics in subsequent courses. One way that 

instructors can help students better learn these threshold 
concepts is to implement evidence-based teaching methods at 
strategic points in the semester. Exploratory learning before 
instruction (explore-instruct), for example, is a two-phase 
method of active learning. In exploratory learning, a concept is 
first introduced with a new activity or problem to solve (i.e., an 
activity phase). Then, following the activity, the correct 
problem-solving methods and underlying concepts are 
explained through instruction (i.e., instructional phase). This 
order of instruction is opposite a traditional lesson in which the 
activity follows instruction.  

This reversal can invoke several mechanisms that support 
learning. For example, students are likely to first attempt to solve 
a novel problem with their existing knowledge [1]. When they 
realize that they cannot solve the problem, students have 
productively discovered gaps within their current knowledge 
[2]. This awareness of knowledge gaps can motivate students to 
focus more during the instructional phase. In addition, 
exploration can help students identify critical problem features 
that aid in understanding the new concept during instruction [3]. 
Together, these mechanisms can result in stronger conceptual 
knowledge and transfer [1], [2], [4], [5], [6]. Thus, although 
exploring a novel concept can be difficult, this challenge is often 
considered to be “productive failure” [1].  

One recent study in an undergraduate programming course 
examined student emotion and type of reasoning during 
exploration [7]. Students collaborated with a partner online 
while working on a novel programming task (sorting numbers 
in a list). Conversations were audio recorded and transcribed, 
and students responded to questionnaires following the activity 
and following instruction. The questionnaire and qualitative 
coding of transcripts focused on participants’ emotional states 
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(e.g., anxiety, boredom, confusion, and enjoyment) and types of 
reasoning (e.g., constructive, active, see [8]). There were no 
significant correlations between emotion frequency and posttest 
scores. However, constructive reasoning during collaboration 
demonstrated a positive correlation with posttest scores. 
Although not testing the difference between instruct-first and 
explore-first conditions, this study indicates that constructive 
processes during exploration can increase learning in 
programming.  

However, in another recent experiment in an introductory 
engineering programming course, the learning benefits were 
reversed [9]. Students were randomly assigned to either a 
traditional instruct-then-practice condition (instruct-first 
condition) or an exploratory learning condition (explore-first 
condition). Students were provided instruction and an activity 
on types of error messages, followed by an assessment to 
evaluate their learning of the topic. Contrary to expectations, 
students who received the traditional instruct-first approach 
scored higher than students in the explore-first condition on the 
assessment.  

During the study, a survey was administered to the students 
following the activity and instruction. The survey questions 
examined several factors that could potentially explain learning 
outcomes. These included cognitive load (i.e., perceived mental 
effort exerted during the learning session; [10]), self-efficacy, 
competence, flow state, as well as several aspects of motivation. 
These also included two social-psychological factors assessing 
perceived threat in the learning environment (i.e., security, 
belonging), and students’ awareness of knowledge gaps for the 
topic learned in the class session. 

The current paper examined these survey responses to 
provide additional insights into the instruct-first learning benefit 
from the previous programming study. Our research question 
was as follows: 

RQ: How do reported perceptions of the learning session 
differ between students who completed the instruct-first 
versus explore-first conditions? 

Differences in survey measures, such as for cognitive load, 
self-efficacy, or motivation, might help to explain why student 
learning outcomes did not benefit from exploration. We 
hypothesized that the exploratory learning activity we created 
was challenging, increasing cognitive load. If cognitive load is 
too high, exploratory learning could have the opposite effect 
than expected [11], [12], [13], [14].  

II. METHODOLOGY 

This study was reviewed and approved by the university 
institutional review board.  

A. Participants 

Participants (N = 402) were first-year engineering 
undergraduate students at the University of Louisville, enrolled 
in an introductory engineering course in Fall 2022. Participants 
were included in analyses if they attended class on the day of the 
experiment and completed all phases of the experiment.  

B. Procedures 

 Students were assigned to one of two conditions based on 
course section: the explore-first condition and the instruct-first 
condition. There were six course sections, with three instructors. 
Condition was counterbalanced across instructors; each 
instructor was assigned one explore-first and one instruct-first 
section). One instructor was unavailable on the day of the 
experiment, and a second instructor covered their sections. Thus, 
one instructor led four sections, and another led two.  

In the instruct-first condition, students were provided 
instruction on interpreting error messages in Python programs, 
followed by an activity to apply the new concepts. In the 
explore-first condition, students received the same materials in 
reverse order. First, they explored the novel activity, which was 
then followed by instruction. After both instruction and activity 
phases, students completed a survey to assess student attitudes 
about the activity, followed by an assessment to evaluate their 
learning of both concepts and procedures taught during the 
class session. 

Students were encouraged to collaborate with peers on the 
exploration activity, and were instructed to work independently 
on the assessment. Students received participation credit for 
attempting the assessment, irrespective of their performance, 
and were reminded to do their best. All phases of the study 
(instruction, exploration activity, survey, assessment) were 
completed within one 50-minute class period.  

C. Materials 

 Instruction. The class session focused on three Python 
language-based errors: Name Errors, Syntax Errors, and Type 
Errors. The three most common error types were described and 
illustrated with code examples that would generate these error 
messages. The composition of the error message was discussed, 
including hints about the type and location of the error in the 
code (e.g., Name errors can occur when variables are 
misspelled; Syntax errors frequently result from incorrect 
punctuation; Type errors indicate an invalid datatype.)  

 Activity. Students were provided a complete, working 
Python program that performed a basic task (i.e., the program 
converted a numerical input from degrees Fahrenheit to Celsius 
and determined whether the temperature was freezing, cool, 
warm, or hot based on simple range criteria). Students were 
instructed to “break” the code by adding, altering, or deleting 
text to generate varied error messages. Students recorded their 
findings on group worksheets identifying the error types and 
causes. Students were encouraged to collaborate on the activity 
in groups of 2–3 at tables of 4–5.  

Survey. Information about each survey measure is included 
in Error! Reference source not found.. The cognitive load 
item was taken directly from [15] and assessed on a 9-point 
scale, ranging from 1 (very, very low mental effort) to 9 (very, 
very high mental effort). The other scales were closely adapted 
or shortened for our study. Items were interspersed and rated on 
a 5-point Likert scale (1=strongly disagree, 5=strongly agree).  

Assessment. The assessment included 12 questions 
(multiple choice and short answer). Students were asked to 
identify the error type generated by the provided sample code 



or scenarios. Students were presented with code as well as the 
generated error message and were prompted to identify the 
error cause. Three of the 12 questions tested students’ 
conceptual understanding, considering plausible explanations 
for a given error message, and understanding when and why 
python generates an error message. 

D. Analysis 

We assessed differences in survey responses by conducting 
one-way, between-subjects, analyses of variance (ANOVA) on 
survey measures (average rating of item responses per measure) 
with an independent factor of order (explore-first, instruct-
first). All analyses were conducted using IBM SPSS Statistics 
with statistical significance set at p < 0.05.  

III. RESULTS 

Descriptive statistics for the survey responses are presented 
in Error! Reference source not found.. ANOVA  results 
revealed a significant effect of order of instruction on student 
cognitive load, F(1, 400) = 4.46, p = .035, ηp

2 = .011. Students 
in the explore-first condition reported exerting greater mental 
effort during the activity compared to those in the instruct-first 
condition. Means for the explore-first condition were close to 6 
on the 9-point scale, indicating “rather high mental effort.”  

As shown in Fig. 1, students in the explore-first condition 
also reported higher awareness of knowledge gaps, F(1, 400) = 
8.81, p = .003, ηp

2=.022, lower self-efficacy, F(1, 400) = 8.85, 
p = .003, ηp

2=.022, and lower competence F(1, 400) = 4.48, 
p = .035, ηp

2=.011, than students in the instruct-first condition. 
There were no significant differences on any other survey 
measures (insight: F(1, 400) = 2.96, p = .086, all other Fs<1, 
ps > .338).  

IV. DISCUSSION 

A number of previous studies have shown learning benefits 
for students who explore a novel activity prior to instruction [2], 
[16]. However, a few studies show the opposite—higher 
learning outcomes when receiving instruction before the 
activity compared to exploring first (e.g., [17], [18]). This study 
sought to evaluate differences in student perceptions across 
conditions that could help to explain or augment learning 
outcomes in one such prior study [9].  

Cognitive load was higher in the explore-first condition than 
in the instruct-first condition, and indicated “rather high mental 
effort.” This result could suggest that the activity and 
instruction, paired together, were mentally taxing for students 
in the exploratory learning condition. Kapur (2016) suggests 
that exploratory learning activities should be designed so that 
they are challenging, but not so challenging such that students 
might give up. Consistent with this idea, some research 
suggests that exploratory learning activities can be less 
effective when the cognitive load is too high [11], [12], [13]. 
The current results align with this idea.  

Consistent with the possibility that students who explored 
were more challenged, students in the explore-first condition 
also reported feeling less knowledgeable about the topic (higher 
knowledge gap score) than those in the instruct-first condition. 
Knowledge gap differences are expected based on prior 
research. Students who explore-first are thought to become 
better aware of the existing gaps in their understanding, and 
seek to fill these gaps through the instruction phase [2], [12], 
[19]. However, these knowledge gap differences are typically 
found following the activity, prior to receiving instruction. This 
gap in knowledge should be filled following the instruction. 

TABLE 1: INFORMATIONAL DETAILS ABOUT SURVEY ITEMS AND MEANS BY CONDITION. 

Factor 

Number 

of Items 

Cronbach’s 

Alpha Sample Item Reference 

Order of Instruction 

Explore-

First 

M (SD) 

Instruct-

First 

M (SD) 

Cognitive Load 1 - Please indicate how much mental effort 

you invested when completing the learning 

activities. 

[15] 
5.93 

(1.54) 

5.59 

(1.67) 

Self-Efficacy 3 .63 I feel confident in my ability to learn these 

kinds of topics. 

[20] 
3.77 (.61) 3.96 (.65) 

Situational Interest 2 .79 I enjoyed working on these activities [21] 3.57 (.78) 3.66 (.88) 

Flow state 4 .69 I was totally absorbed in what I was doing.  [22] 3.53 (.64) 3.58 (.70) 

Security 4 .83 I felt secure to express my ideas. [23] 3.98 (.59) 4.02(.64) 

Belonging 

Uncertainty 

4 .80 After working on today’s activities, I feel 

like I don’t belong. 

[24] 
2.01 (.73) 1.58 (.70) 

Competence 2 .76 Thanks to today’s learning activities, I feel 

more competent in this topic area. 

[23] 
3.58 (.72) 3.74 (.74) 

Curiosity 3 .81 I wanted to know more about what I was 

working on. 

[25] 
3.49 (.75) 3.47 (.83) 

Constructive 

Engagement 

3 .70 I tried to explain key concepts to myself. [26], [27] 
3.84 (.60) 3.82 (.66) 

Insight 2 .75 I had a moment of insight. [28] 3.39 (.84) 3.25 (.90) 

Knowledge Gaps 3 .66 I do not feel very knowledgeable about the 

topic we learned today. 

[29] 
2.51 (.72) 2.30 (.72) 

Behavioral Intentions 

of Future Performance 

2 .79 If given the choice, I would do an activity 

on this topic again. 

[15] 
3.50 (.85) 3.56 (.87) 

 

* 
* 



The survey in this study was given at the end of the learning 
session, after both the activity and instruction were completed. 
Additionally, the survey came right after the instruction for 
students in the explore-first condition. Thus, we would expect 
students in the explore-first condition to perceive knowledge 
gaps equally to those in the instruct-first condition by this point. 
However, we found a significant difference in this study. This 
finding suggests that the instruction did not help students feel 
as knowledgeable overall at the end of the learning session, 
when given exploration followed by instruction. One 
possibility is that the exploration activity encouraged questions 
that were unanswered by the instruction. Another possibility is 
that students in the explore-first condition felt more challenged 
overall, reducing their confidence in their knowledge.  

Consistent with these ideas, students in the explore-first 
condition reported feeling lower self-efficacy and competence. 
Items on these scales reflect students’ confidence in their ability 
to learn the topics (self-efficacy), and perceptions that they are 
competent and able to take on learning challenges in the topic 
area.  

Taken together, the explore-instruct sequence was perceived 
as challenging to students, and affected their perceptions of 
their ability. These perceptions likely translated into lower 
learning scores, although it is also possible that they were the 
result of lower perceived learning due to other reasons. The 
challenge may have been due to the topic itself (e.g., it might 
have involved too many interacting elements [14]). The 
instruction might have been insufficient to address all the 
knowledge gaps that arose during instruction. It is also possible 
that students simply needed more time to really engage with the 
important problem features. Several students noted in an open-
ended comment that they wished they had been given more 
time.  

Importantly, survey responses did not differ between 
conditions for the other factors measured, including belonging 

uncertainty, security, flow, constructive engagement, insight, 
interest, curiosity and behavioral intentions of future 
performance. These findings suggest that exploring before 
instruction did not dampen other aspects of students’ 
motivation, nor did students find the activities threatening 
overall. Given that we asked students to attempt a novel activity 
before providing any direction about the underlying concepts, 
these results are assuring.  

A. Limitations and Future Work 

This study was conducted during one classroom session on 
one topic. More work is needed to determine if these results 
generalize to other topics or domains.  

Currently, the survey results and learning outcomes are 
considered in parallel, but a causal link cannot be made between 
them. Future research should directly manipulate the cognitive 
load of the materials, to determine if reducing the challenge or 
number of elements, or adding more time, increases learning 
from exploration beyond that of the traditional instruction 
condition.  
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